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PREFACE 


Lsr wiiting this book, my object lias been to give 
as clear and simple an account of the phenonaena 
of radio-activity as the subject admits of, without 
sacrificing accuracy. The extraordinary properties 
of radium have excited general interest outside the 
scientific woiid, and there are probably many who 
would he glad to learn something of the subject, 
if they could find it explained without the use 
of technicalities. However essential mathematical 
methods may be in developing the subject, they 
are seldom really necessary in presenting the results. 
Moreover, some idea of the train of reasoning can 
generally he given in ordinary language. 

I have not found it possible to avoid assuming 
some elementary scientific knowledge on the part 
of the reader, but this has been reduced to the 
smallest limits, and probably a great part of the 
book will be intelligible without it. 

I have not attempted to describe all the pheno- 
mena which have been recorded, but have confined 
myself to those which seemed most significant and 
interesting. 

In revising the book, I have had the advantage of 
consulting Professor Rutherford’s excellent treatise 
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on ‘ Eadio-actmty,’ which has recently appeared, and 
have adopted one or two valuable and suggestive 
remarks from it. 

The names of authorities have not in all eases 
been given, and it has been thought unnecessary, 
in view of the general character of the work, to 
give references to original papers. 


Tbeling Place, Witham, 
August, 1904 . 


E. J. STEUTT. 


PEEFACE TO THE SECOND EDITION 

This edition has been brought up to date, while 
some discussions of points doubtful at the time the 
first edition was published, but now settled, have 
been omitted. 


SuNifYsiDE, Cambridge, 
February 16 , 1906 . 


E. J. S. 
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CHAPTEE I 


ELECTRIC DISCHARGE HST HIGH VACHA 

The clue which led to the discovery of radio-activity 
was obtained from the study of electric discharge in 
high vacua ; and knowledge gained in the same way 
has been indispensable in interpreting its phenomtiJui. 
Before entering on the main subject of this book, it 
will be desirable, and indeed essential, to give Hoin<' 
account of the phenomena which accompany tho 
passage of electricity through rarefied gases. 

When an electric discharge passes through air at 
atmospheric pressure, a narrow, well-defined spark 
is observed to pass between the electrodes of tho 
induction coil or electrical machine used to products 
the discharge. When, however, these electrodes ar«» 
placed in an air-tight vessel, and the air withdrawn 
by means of a mercurial air-pump, a profound change 
in the character of the discharge takes place. 'I’lie 
spark becomes broad and ill-defined as the air jiresHUre 
is reduced. Thus, for instance, if a cylindrical tnlaj is 



Fio. 1. — ^Electric discharge at a moderately low pressure. The HUgativo ohirttYwIr* 
o is a disk, and is separated by a small dark interval from the hluo ntjg'fttivo 
The glow along the rest of the tub© to the anode b is, in air, a ditluBO band <»f/ n’l ld|*||” 
light, d. 

used, a glow spreads out from the two electrodes aiul 
fills the tube (fig. 1). 


2 
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In this case tlui lumiriowty »*< * ‘'i-t r .» In if. 

area, Buthy nmkm« tlw with ;i • ■•u ij, 

the middle (%. *4 thf gkiw k ...n.'. nir.n. «i in »h. 



ii 




ulrtiglit lli*» ilA** ^. i 1 *-<1 

fM la iiilfwIttrWl ml *l'iil«'li mti n if 4«* 




narrow portinri, and itn hriylitiie^it «r«'rttly 
Such tu^s Jtro very nw-fnl fnr es.'imimiiU' tin* 
trum of any dc*iirt*<l fjas iijid«‘r the «*l«'« !ri«- «{i‘«'lijir{i«’. 
They are known hy llii> nsiini* nf J*!iii’k«'r, \v!i«j wii?. 
the first to n»«‘ thow. 

In the majority of {ia!«<s the }|i«»w j.* ni«#*i r»»n* 
spicuous at a pressure of alaiiit *»r an jitni»*s}»h«'ro. 

Lot us take the eaw! of ntiiiosphi’rk air. In this 
case, at of the ntinrwtpherie prrssiiri’, the innativi’ 
electrode is wsfu to la? snrronmh**! I»y a Idiio ith*w, 
different in colour from the ri^ldish r.dotir «h»n« the 
length of the spark. Tlie jawnt? thing «'«»* !»*’ »«**» in 
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the wall opposite to the pegative electrode ; this 
patch corresponds in shape to the electrode itself, if 
the electrode is flat. Thus a round disk electrode 
■will produce a round patch only a little larger than 
itself. A faint streak of blue luminosity appears in 
the gas, stretching from the cathode to the phos- 
phorescent spot. It is evident from these phenomena 
that some kind of influence is propagated out at right 
angles to the cathode surface and travels through the 
tube till it reaches the wall. This influence goes by 



Fio. 8. — ^Experiment showing that the cathode rays are always emitted at right angles 
to the surface of the cathode, and do not necessarily follow the line of the discharge. 
3'he rays from the flat cathode, a, strike the wall of the tube at />, causing phosphores- 
cence. They penetrate the glow of the main discharge, which curves away to the anode, 
c, in a lateral tube joined on to the main one. 


the name of the cathode rays. The cathode rays 
always proceed at right angles to the cathode, 
whether that is the direction in which the anode lies 
or not. The spark or glow discharge which, at these 
low pressures, is quite inconspicuous, of course pro- 
ceeds from anode to cathode, and will turn a corner 
without difiiculty. This the cathode rays will not do. 
Their path is essentially rectilinear (fig. 3). 

A thick, solid obstacle placed in the path of the 
cathode rays casts a perfectly sharp and definite 
shadow. The outline of the object is seen on the 

B a 
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wall of the vessel m a black shjwbnv on the bright 
green fluorescent backgrountl (lig. 4). 

(JliiHs i,H !n*t tho 
only Hub^^tanl•^» 
whirh 1 »»'<■< tints 
fluorcHfont nnth*r 
tbi- inflnt'in-o nf 
the raihtKif rays. 
Many ‘ither ina- 
torialrt will «lo tin* 
Haiii«%antl Horno t»f 
them give tmmi 
liriiliant 

than gtasH. 
Thws, for in- 
stance, calc-s|inr 
glows w’ith a 
lieautiful oninge-rctl tailonr. Huhics give a rcil 
colour, far more effective than anything that they 
show in the onlinary way. No riih! can be given tia 
to whether a substance may Ikj exja'ctcfl t«» thmrestie. 
That can only bo usc<«rtaine«l by trial. 

The most characteristic and iiiten'sting |iri*jstrty 
of the cathode rays i» that they are tlellccted by a 
im^net. The deflection is very conspicinnw awl easy 
to oteerve. It is only ncccsimry to britig a common 
horse-shoe magnet near any one of the tnis’s, and the 
luminosity of the glass will las snrrii to iimve, showing 
tliat the rays are now fidliiig on a diff«»!fnt sjiot to 
what they did iKsforc, 

To study the effect in detail, it is desimide to have 
a form of tube (fig. fi) aptscialiy dcsigw'*! for the 
purpose. The cathode rays from a flat cathtKio have 
to pass through two successive dmidiragms, Ily tins 
means the rays are confined to an oatrcoflingly sluirf* 
agd narrow beam. They then tlirougli u wide 



Fro. 4,»-»Amtrigwiti«fit for shwilil t.h«l 
»ns stop{*t?d by a aolbl ideitoctoi ana r-ml 
A pear-shainsf fiwiwl, a, I* stwwl, mhwk ?# bifldy 
'I'he tdane or slightdf c*wv#!« raitosto. h, mtpU «nl Um tm*>, 
whioa eaiiMn briiliadit gfwfft m *b» 

oplKwito wall, r. lint nwlal »#, wlslt.li m 

stands itj the path of tii« fay*, mad a ^Amip bhi*'l 
Oft Wi® IttitiiiMma IggrkgnmtHi. 
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bulb, and prfKluco a wcdl-defiuod gtmn 
patch on the oihI wall of tho bulb. I’ho jKwitton of 
thin |>atc;h can Ih! read bj rrjcauH of a Hcalo faHtoju'd 
on to tho outside of tho tube. Boforcj ont(»ring the 


V. ^ . 



B 



rb-, rnl'iP D*r rdw? %ing tw iSkSifl I}m»i 

i4 r.iil* al** ftt#, Th«» timu Hal li# f li« 

iltj**’, i» dpfitiwi l*)r ll»*i f.»»# ftlibs iff ltt#< ^k. 

i#» il»p aifcwlw Til** iay» ttmm a. 

|i#lf;|i lofii iliif* ,«»t r, n-aw la’ liiir tfipaiisi of ffal *4 salir# 

mrtulng » r»ji»rriL wld^b |j«» »su t*Hhr'f »bl»’ of fliw |iiW, in i** ll»a fwi|#i'. 

i*« hy Itw |4al«» »<<<#* M4itW:l<R-4 !*♦ Ib« *#f a 

I . 

bulb, tho rays luivo to pji«8 botwoon two parallol 
mota! jiiatoH, tho object of which will expl«im*<l 
later. 

In order to experiment ujwn tho magnetic delhM;tiou. 
the bulb is placed iHstwtftai tho polos of an ohsetne 
magiMst, or, wliat is betUsr, iMitweeu two t!oil» <4 wire 
of large nalius, through which an elec.tric current (um 




lijirt thiMffiHd **f «*f *!»•• »>'*rth 

jt«d wjutli i**.!* ’*. 

To clmTilH* till’ 4u« *'f !}$«’ «i. «,• (nay 

Hiiy thiit if « liHl«- f»a»3ri %%*u HwjimmuK' <n 

the) riiy»«, «ii‘i ohoik* »h" lut. ■. *4 

iiiiiKni4ip- foD’e*) ht) woiil>l le*’ «'jirin'*i i<* hi** fiyli?. 

Now, what ia tho natuml nis< rj*r« latj-m i.f thh 

jiiagnotie efli-rl? Wo ktoov thill ill) « !r« sri<' ••omul 
iti a win*, if freu to iii**v**, t* ili"fh''*’'i*'*l. jii!’'! hk»* ihi 
aithtalo rayte an% hy a ho*'* 

it, ill ft (lini’tioji jw’r}«« niliml.ir !*• t 
ttnd to Iho itiaiittotio f«iri’<‘. It »•* h 
l«a«t prrtvwionftUy, that ll»o railo**!** 

»t)rie« «»f ok«lriraI)y i’liajri4**4 part if 
the cathmk*. Iltia ia, in faH, ihi* • 
uftturo of this cfttliialo rays wl»i« h i»»»w 
tiiwonh 

Th® tiimttion i»f inii«ii» tif 
that th« iwrtii'lo® an* ii«i,*aii%*fly 
voloi'ity in iliin to th® intoioas oh 
rep®!® thorn from this rath<*h*. 

W® fiftit prtwii vory 4}r«>*"lly tliot 
do carry a charg« of itt»*i»tiv« **l*^ 


f#|« Ufm W» it* pkm 

i# it,**- ^ 

WS^ii Halt ■#, m i*- 


puipoiMi th© my* mm nimli* to fall 
cylinder, in which their cliArgi* cm 
cylinder k connectwl to am i»l«« tn 
m the ritya are iurticK} <»«, tin* 
rapidly divorp witfi © dbnp of i 
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If tlio rays aro (k-fkK'ted by a mu^,nu!t, ho uh t<> [tro- 
vont their oukTing the (cylinder, no <’hnr»^o w 
obtained. Thin experiiiuait in due to M. Perrin 
(fig. (>). 

Since tiio rajn aro oharg<;d with ru'gative tdec.tricity, 
they will be rejK*Ik;d by a negatively (diargial body, 
and attnicted by a positively <’,hargt*d one. Tins tube 
(fig. f>) which has Ixeen deseribod for o!>sorving the 
magnetic defk'ction is also arranged for this tixperi- 
ment. The tw<) metal plates betw(*{‘n which tho rays 
pass, aro connected, one to tho positiv<» an<l this other 
to tho msgativo poh; of a haltiTy of, say, 2d or *10 
cidls. Tho (iuoroKt'ent pakdi is <l<sflecktd by th<i 
electrostatic fonsis, just as it wjw liy thij magnidiii 
for<;o. Tho rays art) fouinl to movts away from tho 
nogative platij towards tho {Kwitivis fmts. 

Wo hnvo now to considisr an im|H»rtant, thinigh 
difficult, |«ni i»f tlm stibjoct. It is v<*ry desirable ti» 
got some idea of it, in ordtsr to umlisrstanil what 
follows, when wo i;omo tf> tHscjiHs th<» pro|K!rti(ss of 
ratliiwictivo snbstaiiajs. It <!anni)t bti trisaksil satis* 
factorily without making use c»f rrmthenudical symbids, 
which would be kii'idgn to the plan i*f this Wi»rk. 
Those who can follow that kiml of r«*asoning will 
find the matksr set out in tho simpk'st way that 
it ailmits of in Ap|H!n<lix B. For otl»*r«, a Vi'Hial 
explanation, uoci'SHurily iinpi<rfect, must bo attifinpted. ' 

Isot ns cimsiihir, then, a partiide iduu'gisl with 
electricity, and moving thrisigli a fiohl t»f nuignotic 
force. As wo liavo K«H»n, tho moving partick', sirtce 
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flection depend? Plainly on the distribution and 
strength of the magnetic force, for one thing. That 
can he measured experimentally, and there is nothing 
doubtful about it. But the deflection depends also 
on other things. The velocity with which the particle 
is moving, its mass, and the quantity of electricity 
it carries; of these as yet we know nothing; our 
object is to obtain information about them. 

We have spoken as if the mass of the particle 
and its charge were each separately involved. But 
that is not exactly true. The force tending to deflect 
the particle depends entirely on its charge. It is, 
in fact, proportional to the charge. But the effect 
of the charge in producing sideways displacement 
depends on the mass to which it is attached, and 
which it has to drag with it. The heavier the mass 
with which it is clogged, the more slowly wiU it 
get up a sideways velocity, and the less it will 
ultimately be deflected. Increase of mass acts in 
the opposite way that increase of charge does. To 
increase this mass acts in just the same way as 
to decrease the charge. It is the ratio between 
the mass and the charge, not the actual value of 
either, that is essential in determining the amount 
of deflection. 

This is so important that it will not be superfluous 
to give an illustration of it. Suppose instead of one 
single particle in the stream, we think of two of 
them, close together, and imagine them joined so as 
to make one large particle, twice as massive, and 
carrying twice as much electricity as the original 
small ones. It is quite apparent that the doubled 
particle will not move any differently from the single 
ones, although yet it carries more electricity and 
more matter. The absolute quantities of matter or 
of electricity carried by a particle are not involvecL 
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It IB tho ratio botwcen thoiu that <l<‘h*nnin«‘H llic 
motion. 

In conBidoring tho magnetic <U!flo<!tion, then, there 
are two unknown <(iuintiticH t^onneehnl with eiieii 
fmrtielc that are concerne«l. ^I’heHo are its v«'l<M'ity 
and the ratio of ita electric cluirgit to itw maHH. 

Tho meeiianicnl force on a (diargetl }tarti<de moving 
at right angloH to a magnetic fHd<l, nect;HHarily netH 
in tho Hsmus tliw'ction as tlu; forc'o wliitdi wtaild act 
on a wire carrying a <n»'rent under ih«t Haine circum> 
KtancoM ; tliat in, at right angloH to ita own <lir«-ctioti nml 
to tin; magnetii' force. Hinco there is a jiull on the 
particle at right angloH to the direction it in moving, 
it in eonHtrained iri junt this namf! way j»h in a Hham 
tied to tins end of a atring, and whirled r<nind in a 
circle. F<>r the Hiring pulln on this wtone in a iliritc* 
tion at right anglen to ita |>Hlh, juat aa th(' force on 
the particle pulla it in a directijui at right anglea 
to its jHith. The particle will accjirdingly move in 
a circU*, juat aa the atone do»!a. 'fhe pull on tlio 
particle <»>unteri«;ta ita <’,entrifugal fon*e, juat n« the 
pull on the ahme coimteractH its cimtrifugal fru’ce. 
Wo know, or at leaat wt* turn i*aaily calculate front 
obaervation, the rttdiua {>f the circle into which tl«» 
raya an) bent ; ami we can ct»m|«ire thtdr nsechanical 
behaviour quantitatively with that of a atone whirled 
round in a cinde of the aaine radiua. Wt) can calcu- 
late the pull which the atritig exerta tut the atone, 
not of c(rttra<‘ ahatdulely, hut in iertna of the a|M'etJ 
of the httUK! and ita mima; atui we can calctdato in 
jjjat the atmte way the riMlial pull tut the cathode 
particle in terina of ita afaied and imtMH. The radial 
pull can alao lat expreHaed, howevt^r, t«i teritta of (he 
cluirge which the {Mirticlo tatrriea, ita a|ieeil, atid tlu' 
atningtli «*f the magnetic field through which it 
inovt'H. Now thewB tw’o w»y» of computing tlie rioliiil 
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pull JW thcvnri* muv! |.;»4 i<. )li* 

roHult. Wu win fiml l»y tlu^ .* ti- * -ary 

Kiktiou thi* aii.l m 

mim wul ^•kffri.• 'vla.h ar- «■*! ku-Aui, mtl 

thu Klrcnsth «*f tlw JiuiUinAi.- fii l4 an.l tli« r.i.ijuv* nt 
tho cirHu iii wliii-h it n»«'V^*. *»' hy 

(limtt nifuMurenu'iit. Tli*' uaiM ih** « laav- 
tivor, {inly fipiM-iir a.** »» rati", im ali<ii«ly plain**!. 

Bo that wt» havi‘ a r*kiti.»n Iwt^rru i}t»- *4 

chargo to miWHi on tin* "in* ami i.. !•« it>* "ti tin* 

other. The mlatioii i« a vory *.»»nj4o *•»•* : »» w that 
tho velocity ia fouinl l*y Jn»ltij*!y»«g tlii’* ratio hy 
tho magnetui forco wn4 tin* rsnlm**. ihi« i« "f I’oiiriM* 
not mifikient l«> iktonnim* oitin-r tin* vi4«<*‘iiy «*r th« 
ratio of chargo to inaw*. that !»•* 

a gocoutl rolati**n ia in**a*Hi*iiry, In ttly«4»riii«*-iil laiigtnigOi 
two tKpiatioiw am t** ilotoriiiin* tw«i Mi»kin»wii 

quantities. 

Tho wMJOiid mlatioii ran 1*»* got in inor*» Ilian <tno 
way. Btit the »iinj»!»st ami last ise t« mwi*«Mro llm 
dofleiction of the* raya by a known olis tru^iatir' form. 

The) thefory r»f tiiia »*xia*riiimnt ia |»i*tlMiiw* »*iiti|»lor 
than of that whkh w«* hnvi* ronaidoring. lh« 
particlo moves, l»*t iw wey. Intri»<»n tally, ainl Uw 
vertical «Iea;tri« foretf*, at right aiighs to th«* *lir»**’tioM 
of motion, piilla it ilown. The* jairtirlo tjek»s a r»‘rtairi 
time to traved tho km»wn loiigth of tin* rl««‘ir»»statin 
held. During thia time* it w |»nll*4 down by tlm 
electrostatic fteltl, and tho diatanr** it fallt* ia r«’a4ily 
deuced from tho *»l««jrvo«i d«-tli'rfion of tin* |4n^ 
phorcecent |mtch. We) km»w Ihon bow far it foil in 
the time. The* dm® b exactly paralhd 1“ tlm fall of 
a rifle bullet, whbh inakoa it ii«’**«sHury to oh eat** th** 
rifle above tho diroe;tbn in which it it 4* xir» d that 
the shot shall travel; but in our rtw tin* j‘,ir*ic}o 
is pulled down by tJio eleadric. f**ri:o in<**n it, not by 
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liravity. Wo onn mousuro tlio strongtli ami loagth 
of tiio ele(^tric field, and thoHO, in ooinHinntioii with 
tho deflootioii of tho rays, hh a hocoikI relation 

Iwitwoon the velocity and tlu; ratio of inaHH to charge. 

We have now a {>air of eciuationH, and a pair of 
unknown (juautiticH. It i.s accordingly a Mimple |ti»*co 
of algebra to ileterniine wimt the two unknown 
quant iticH are. 

The re,sultM are very astoniHhing. It in found that 
the cathmie partit'ioM move with a H{>ee<I not iuHigni- 
ticant when compared with tho Hpcaul of light. 'I'ho 
speed of the rays depends on <drcumHtanceH. If the 
pressure fif gas in the vessel is not very low imleed, 
then a comparatively nn«lerat<i electro-iiadive force 
stifliceH to protluce discharge, ami to sid. the cathmie 
rays going. In this I'ase the rays are not shot out by 
a very inhuise electric. for<'e, ami eonseijuently they 
move) comparatively slowly, pm’hajis with of tlie 
speed of light. If, however, the exhanstioji of the 
vessel is carrieil to an extr<?me {«»ij»t, the )'!ectrts 
motive force near the cathofie beotum's great, and 
tlie rays travel fast<*r ; sjMs'ds amounting to oiie-thinl 
that of light have l>cen so oiitaim'tl. Th)» viihsuty 
of light is nearly two hundred ihousaml miles jM*r 
HOeoiwl, So that tho eathmie partiides scaniditnes 
travel at sixty thonsrind iniles {«'r weond. 

It is dillieult to fidly realiya) the meaning of such 
sjx'fsls as these, A shot from a modern gnn leaves 
the mnzxlo at j««rhap.s feet per weond, »•« the 

cathode particle giws t%venty iniles while the eanneii 
hall is gf»ing one fts*t 1 In one setamd the particle 
could go more tlian twice round tlie glol«)| 

It i.H nt»t found that the vtdocity t»f the rays is always 
({iiitt* uniform in a. given tuls) at a given pressure. 
Fr»r, when tlie fhioroseeiit patch is didlecbsl, it is at 
the samo time drawn out into a band, witli bright 



iiit4Tviii^ t-**' *»*«»*^ 1 1,, ‘I .'if.’iiirf. 

in kfii'iwii m t}i«^ 111151 *4 tu« 1 1) ^ |{4r|i 

tirii^lit kiiipi m th*^ *^ 1 ^ 

n|«^riiil iii*' »i» !!^ fiofii 

tiif’‘ I tfiiiii'Hil l*% iji* iiiijM* I Ilf' 

till* n!«fW‘r;^t rnlii*«l«f" fh^i In l||r 

flinti’ht, Tll«^ lllfl||ll«^t}r t«' lltii^^ ^ihh «m,|| mit 

tlin fii^t |||».fvill|| JllHil«'l< fn*lt| llir 

Tlia i*xtrli4r4 iiii4 Kff fjir 

riitiimlr? riiy njM^Irtiiii *isi**' si |i«’^*i»li;ii|i^^ i4 i||r 
iiitlticfiaii r*iil iiw^l l« , *iii iii«kirii<»ii 

iCtiil ft*4- ii «4r*'tr^t»iii4 4|%^if f^rcn 

Ifi ii«i'Wi,!Vi"^r, ft. Witrry <:4 r*4h tn 

■i*iti|il«iywl iii*%li'»n4i ih*-^ Imn4^ ri»4 llii^ 

ck41i*t4«I {tMlrli ii# iin thmt tli<- nrii4tii»l mir; 

tlift riitliwli! rii|f« i|p4«4«itr^*^ all *4 tJiii 

siiiric* vt4«M4t}% 

Wt'i iiiivii^ mm rKiii.«t.|4»"r t}i«'* » 4 l|i^f iiikiriiiiitiiiii 
wliir4i %%w u*d hy tnrmmmu tkvfk‘.riifiii nf tfnf 

riijH by kin'iwfi phn^trm iii##ii«4ir |iitrr..% tfii^ laliii 


aiiil fiii,vgrii iitf^- 
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tho oIcctrcMk) Ixiforo it am gvt away by hoiik* <’li<»nufal 
iigoncy. Now tlio electricjity Ls carriixj through tho 
liquid by the oxygiui and hydrogtm atoiuH. Each 
atom concerned in the procoHH conv<fyH a (duirge of 
iiloctricity, 'I'ht* hydrogen ciarrioH a poHitivo charge 
in thia ca.se, tin; oxygen a negative oiuj. 'Hm* positivtj 
eladrodo attracts tlu! negativtdy <’harg(Hi oxygen atom, 
wiiilo the mtgativt! electr<Hlo attnuds tho positively 
charged liydrogen atom. 

If wo find exporitjutntally ho%v nuich electricity has 
to pass through tho Ii<juid for one gramme <*f hydrogen 
to bo set free, it i.s evident that we have th<! eliarg*! 
carried by a gramme of hydrogen. A gnunnui of 
hydrogtui no doubt contaiu.s an almost inconceivable 
number of at(»ms. But the ratio «>f charge to mass 
is tho same for many atoms as for <»ne, 'rims we 
have learned thes ratio of tho charge to the nmss 
of a hydrogen atom. It i.s f<»und that the charge, 
measun'd in c‘icctn>-magncttc units, is very nearly 
ten thousand times the mass, the muss la'iiig, of 
course, expressed as a fraction of a gnunme. 

If tho {'ntiiodc partiel<»s were atoms <»f matter, us 
was long lajlieveii to be tins ajsts, wa shotdil exju'Ct 
their nu»ss to !«> at all events md smaller than this in 
fsanparison witli t!»e <*h*<'tric ttharge. For no other 
atom is known which has so small a mass in pr«s 
portion to its <'!mrge. lint, when we coiiu! to 
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been detorinined, we <U> we fnr, know niiythiiiy 
about the abHoliito value oi eitht’t*. \\*< kn<*w that 
the charge ia very largo relative Ut flie iiuiwm ; but 
whether this is due t« the eliam** liejiig larger thau 
the charge of an atom, or the huiks iM-iug ssualler, we 
cannot, without exjutriment, iie<ude. Wluil is wantetl 
ia a direct measurement i>f Hu* mass, or, what %vill <1«» 
as well, of the oltHdric*. eliarge. When *iue of tliese is 
known, the value of tho other is quit4’ <letermitiat<». 

No one has yet sm-ceeded in inventing a way ot 
measuring tho mass of tlie partieles; inni it has not 
been possible to mesisure the (dwfrie eharMo of the 
cathode particles in a vjwuuin Itihe «*itlH»r. B«it tliis 
is not the only mty in whieli eatli»«le rays erm la? jiri> 
duced. It is found that they are also givi?ii off by 
metals exposed to tho netion of nltrievi«»let light ; 
light, that is, of shorter wave-length than this f?ye is 
capable of detecting. 

It would carry us too far to diwuss this wnhject in 
detail, but it has l»een found that tlieae fsirtieles have 
the same ratio of charge to mass an tho I’athwle 
particles, and are beyond tlonht identical with them. 
We owe to the ingenuity and skill of Prtffi'saor 
J. J. Tliomson a measurement of tho eliargo which 
they carry. 

Without entenng into detail, some idea of the 
way in which tho ex{H3rinient is imwlo sln»tild lie 
given. 

It depends fundamentally on tho diwovory maiie 
by Mr. C. T. ' 
are able to ae 
vapour. If w 
water vapour, 
to Kquid wat 
however, do 
prwjnt for tk 
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in dust in tin; air, tho dust purtich's }tr«* aviiilahlf 
t<» iw't jw nuclri of and is mdliiuM 

l<» hinder tlint pro('<;HH frnm freely tnkin« pln«'<*, ll 
tliere is no dust, no <*on<lenHution will, in iin ordinary 
%vay, occur, unless inde<*(l the air is ho heavily over> 
(diurged with watiT vapour that tajudenHutiou vnii 
wcair on the uadeculeH of air lln'ms(*IveH. 

We shall not coiiHijier such ^r<*at ile^nnss of HU|K'r* 
Haturuti«in any furtluT, hut only thcisti nualerate 
degnH>* of HU{M‘r-Haturation wlihdi give* no <*ondenHa- 
tion in thrt ahsonee of dust. It is found that in 
this ease the (diarged eathiHlo parti<d<>H, fnun inetals 
illuminatisi with ultra-violet light, are ahlo to a«'t 
as centres «»f eond»-nsation, aiul to pn»dtU'e a fog.' 
Each particle gatiiers a droj> of watf-r about it, and 
thus tliere are as many <lropH as there are particles. 
We have got now, in <»xchang*! for tla* infinih'simal 
cathcMiii parti<deH, an etpial mnnher <»f dri»ps, quite 
visible to the nnkwl tiye, or at nil ov«»uts und«>r a very 
inod<?rattj magnifying ptwer. The nunda^r of dr4»|»s 
produced under givam (somliliims can he estimated in 
various ways. 'Ilie Kimidest w'ay wouUI he ti> hit 
them fall on a glass plut«} and <*ount tljem under the 
microseojM*. Tliis was not, howevair, tht* plan julopliai 
hy Froft'ssor 1’hom.son, lie csstitnated the numlsfr of 
dr<ips hy knowing, fr«»m the eomlititms of tin* exfn<ri- 
ment, what quantity <»f water vap»*ur had Issm 
eondenM’tl, ami hy linding the avenige ntm of ewh 
<lrop. 'I’liis, of coursi!, eiiahles the mnnher of dr*»ps 
to he fouml. 

'fhe way in whielj llu» size of the drops was fouml 
is very iugenious. These drops, whi<*h, tak»<n togf*thor, 
constitiit4« a eloud, fall shmly through the air. Thu« 
the levt i of the top «if tl»e cloud gratliially sinks ; ami 

^ fiiirlii iiiwrr Itwii 4ii%l ItiiftwMr 
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the rate at which it sinks can be. observed. This is 
the same as the rate at which the individual drops 
sink. Eow the rate at which a spherical drop falls 
through air depends on its size. For a small drop the 
rate of fall soon becomes uniform. The smaller the 
drop, the more slowly it falls,’ and, if the rate of fall 
is determined, the size can be calculated, supposing, of 
course, the viscous resistance of the air to be known, 
as it is. In this way, then, the size of the drops has 
been found, and the number of them calculated. 
This is the same as the number of cathode particles. 
This knowledge is of no use by itself. It is essential 
to know also the quantity of electricity that the same 
number of particles carry. If we know how much 
electricity is carried by, say, 10,000 particles, it 
wiU not be difficult to find how much is conveyed 
by each. 

In order to find the quantity of electricity on the 
particles, it is necessary to collect their charges by 
driving them up to a metal plate, on which their 
charge can accumulate and be measured. They are 
driven by repulsion from the metal plate from which 
they came in the first instance, which is negatively 
electrified for the purpose. If we know, as we do, 
the rate at which the particles move under the 
electric force employed, and the length of the vessel, 
it will be easy to find how long it will take to collect 
all that were present at the original moment, and 
none that have been added since. The quantity of 
electricity acquired in that time by the plate is the 
aggregate charge on the particles. As we know how 
many particles there are, we can find the charge 

c not, of course, be confused with the case 

of a ueavj object like a stone. In that case the rate of fall does not depend 
mnch on the resistance of the air, and, as G-alileo showed, a small stone 
falls at appreciably the same rate as a large one, and with accelerating 
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on cjwii. It is fovuul, in this wuj, that owh 
particle carrioK a <;harge tKiual tn that tiarriwl hy the 
hydrogen atom, as nearly as the somewhat rongli 
estiinate.s of the latter that we liavo will allow us hi 
judge. ' 

We have e.onu*, thiui, to the comdusion tluit the 
charge of the partieh* is the sanwi as the charge of 
the hyilrogen atotn. The eiiarge is a<;tually tlm same, 
Ihdatively to the mass, however, it is very much 
larger, Tiu; mass of the particde is, therefore, much 
.snmlk‘r than tlm mass of an atom <if hydrogen ahout 
a thousand times smaller. 

This is a mometitoUH (smciusion, for it hIjowh that 
the d<K:tnne of the indivisibility of a chemical atom, 
prevalent throughout the ninetei'nth century, iimst 
lie rocsinHtdenfd. 'The eathmle patiicles, or (^orjiuscles, 
as they arc* more convtitiiimtly nametl, are derive*! 
from the atoms of gas in the vacuum tula*, or from 
the electixahts, and as tlwjse corpUHtdrw are Kmaller 
than atoms, the infei'eneo is inevitahle that tlie atom 
has heon split up, and tliat one or more corpu.si!le«, 
which formed jiart of its original structure, Iiave laaui 
<Ietached from it. ^I’his consideration optins uji *iii« 
of the most promising lines of invisstigation in the 
entire range of jiliysical .scieiu’e, Wts shall defer 
turthef c^onsideration of it to a labir <dui}>ter. 

An important profxirty of th<^ <iath*Mhi rays is (htiir 
power of penetrating thin solid obsliudeH. 'I’he first 
oh.HorvationB of this kiiul wer** duo tti Hertz, the 
celobrated discovorttr of (dectromagnetic waves. He 

. * We Imve linw tli«? cliitrgt eMrriwi ^ my, i grain we f»f 

atoiffii In cletliieefl. in iirtler f,n flitil the rltarge mrmd hy r-in’li, il it 
itit!ff«a.ry to liiciw liow iiiiiiiy iilotrii tlweri! ar® in ii graininif of or, 

wliat cmum to ilit tiiiii#* tlilfig, liow isiany In a eeiitiitirtre, iliii I’liii 

cttkiilatetl in mmmKW&y§; l#iil they nil mikm mtlimri, njifl tli« 



fomwi that if a film «»f k'‘»M I'-af « •! m !.*,• 

path of thu failawh’ ravw. tiny w> r*- ahJ> , n-.t^ul!- 
Hfamiinfi, to jili<Mj4n<r« *“’* in* tl» 

gljWH wall «»f tho IuIms fhraigh th** »4 th. 

phoHphori‘Hi'i'in’t* waf» limilly liv pa vay.- .,f 

tho nijH thriMiuh tlu' l» af. 

wont a atop fnrthi r. II** arnnn,*’ «t •» HHiiill 
window of thin ahmiinimn fi»il at tin- • «<! "f n vin tmnt 
tula;. Thia window wax ojily *, iri«'h in 

diamtftor: tho «*l»ifrt of inakisiu h no ww t«» 


n«. f«#< 

iliittililttlii 


^ # fMl«i if, im'*m m %#■«*#§,■ #l» tls# 

%>f Um 'i4mm ■# 


it the mthodo my» tlwamh tlio wimlow and ♦ait 
to tho opoii air, Tbwi oxporittM^tit d«i»«i not 


velocity, obtained at hiifher prin^iiroa, art* unaldo to^ 
penetrate tho window. lamatYlV uajwrimoiitit, af tin* 
time when they were ftrsl {nthliithfid, wore «miMd#«»d 
by many to eonatitttto a fatal oliji^lion t*i thf^ 
eorpuacttlar theoijof the raya. It ‘mm amwd flwt 
torpuselM cmild penetrate « s-wdid niotal wiinhiw, 
hbwever'thi'n. ‘ This k no longer fell- to l« a 
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difficulty as we shall see when we come to discuss 
modem ideas of the constitution of matter. 

The cathode rays are not able to go any considerable 
distance through air at atmospheric pressure. They 
are diffused and spread out in a fan shape from the 
window. If the air pressure in the space outside the 
tube is reduced, the rays are able to go further, but 
at atmospheric pressure they behave like a beam of 
light in a smoky atmosphere. This is due to the 
collision of the corpuscles with the molecules of the 
air. This, if it does not altogether stop them, sends 
them glancing off in a sideways direction. 

Lenard made a series of very valuable determina- 
tions of the comparative absorption of the cathode 
rays by different solids and gases. The result was 
to show that the densest substances are the most 
absorbent for the cathode rays ; the lightest sub- 
stances are the most transparent. This rule seems to 
be applicable to all substances, from the densest, such 
as gold, to the hghtest, such as hydrogen, at a high 
degree of rarefaction. The absorption of the rays is 
proportional to the density. Gold is about fifteen 
thousand times as dense as air ; thus if the rays were 
partially absorbed by a piece of gold leaf it would 
require a layer of air fifteen thousand times as thick 
to absorb them as much. 

Probably the law of density is only approximately 
true. 

The transparency of different substances for the 
cathode rays, since it depends on density, has no 
connexion whatever with their transparency for light. 
Thus, for instance, mica, which is not very different 
in density from aluminium, transmits the cathode 
rays about equally well, whereas mica is transparent 
to light and aluminium perfectly opaque. 

The cathode rays, which have penetrated outside 
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tho window produce h blue glow in the air m ar it 
This glow is of the Hanu* nature as the ghov inside 
the tube near tho negative (‘lectrmle, whicli is nnwt 
conspicuous when the presHuri* is not Sf» low jrs in 
Lenard’s oxporiincnts. The i»‘gative glow insiile the 
tube is due to the paswige of the eatluHie rays 
through the residual giwi in the tube. If the tulie is 
filled with air tho glow shows tin* liinuls «if nitrug*n 
when examined with tho HpectroHc«>j«!. 

Tho cathode rays outHi<lo tlie tube are able t«> 
act on a photographic plate, ’rhey art* also aide to 
make the air tlirougli which they pass a ctmcltJctor 
of electricity. 

When a highly oxhnusttHl tiibi*, in wliit*h the 
cathode rays are well develttfsHl, is brought near a 
screen of fluorescent material, sncli as bariiitti |dati»te 
cyanide, tho screen is observed ttj light tip, even if 
the vacuum tube is envelopct! in bli«?k nnd 

has no thin window through which tins cath«sle rays 
can penetrate. This remarkalde fact was ohservtsl 
by Efintgon in and was the ttrigin of the dee 

covery which has made his name famous, lit* stain 
concluded that tho now rays which protluccci this 
effect, and which have btsen named after him, tattne 
from the place where the cathode rays itnpitigo on 
a solid obstacle ; from the gret*n flutiresitent sjsit 
on the glass. It was natuml to mtintsd the l{tJntgi*n 
rays with this fluoreacenci!© ; but it was found a little 
later that the Itontgen rays were inert'aseti in tpiantify 
rather than diminished when a metal surfa«*e was 
arranged to receive the impact of tho ifatlasle rays. 
As the metal surface was not fluorewent, it is eviih»nt 
that fluorescence is not tho ^ontinl condition for the 
production of Kbntgen rays. Tho ossimtiai thing is 
the sudden stopp^ of the cathode rays. 

The form of tube which ex|>orieiico has shown to 
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be the best for producing RSntgen rays is that 
known as the focus tube (fig. 8). A saucer-shaped 



cathode is used; since the cathode rays are shot 
out at right angles to the surface of the cathode, 
they all converge to the centre of curvature of the 
sphere of which the cathode forms a part. At that 
point a slanting platinum target is placed to receive 
them. Intense Rbntgen rays issue from the point 
at which the cathode rays strike. These rays, since 
they issue from a single spot, are able to cast very 
sharp shadows. 

The Rdntgen rays are able to pass to some extent 
through all solid materials, but the facility with 
which they are transmitted varies very much with 
the material in question. The heavy metals are 
the most opaque, and their opacity is greater than 
that of light substances, such as wood or water, 
quite out of proportion to their extra weight. In 
this respect the RSntgen rays differ from the cathode 
rays, for, as we have seen, the absorption of the 
latter is nearly in proportion to the density. This 
difference of transparency for different substances 
is the property which enables the bones of a living 
person to be seen or photographed. The rays are 
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able to penetrate flesh, which consists largely of 
yrater. Bones, consisting of phosphate of lime, are 
not nearly so transpai'ent. The result is that, if the 
hand or other part of the body is placed between the 
tube and the fluorescent screen, the bones are seen 
as a deep shadow, while the flesh gives only a faint 
one. The rays are able to act on a photographic 
plate ’, and if that is used instead of the fluorescent 
screen, it will record the appearance of the bone 
shadow permanently. 

It is found that the Rontgen rays are not at all 
affected by a magnetic force. In this respect they 
differ fundamentally from the cathode rays wliich 
produced them. They are, moreover, very much 
more penetrating than the latter. 

The view of the nature of the ROntgen rays 
which has gained general acceptance is that which 
was first put forward by Sir G-eorge Stokes. He 
considered that the Rdntgen rays were thin pulses 
of electric and magnetic force, due to the sudden 
stoppage of the cathode particles. Electrical theory 
shows that the stoppage of a moving charge may 
be expected to produce such a pulse ; the pulse 
would be of the same nature as ordinary light, 
which is now regarded as the propagation of electric 
waves ; but with this important difference, that the 
length of the waves which are beheved to constitute 
Rontgen rays would be far shorter than that of the 
waves which constitute visible Hght. We shall not, 
however, be much concerned with RSntgen rays in 
this book; and it is unnecessary to discuss further 
the difficult question of their origin and nature. 

We have seen that the cathode rays are negatively 
eharged particles repelled from the cathode. If the 

^ The plate is wrapped in black paper to prevent ordinaiy light 
affecting it. 


ELEOTEIC DISCHAEGE IN HIGH VACUA 23 


right experimental conditions are attained, positive 
or anode rays, as they may be called, are attracted 
up to the cathode. If the cathode is perforated, 
(fig. 9) the momentum of these positive rays is 



Fio. 9. — Tub© for showing the canal rays, a is the (perforated) cathode, and 6 the 
anode. The canal rays issue through the hole at the hack of the cathode, and cause 
phosphorescence on the glass at c. 

sufficient to carry them through it. They strike on 
the walls of the tube, and, like the cathode rays, 
produce phosphorescence at the point of impact. 

The positive rays are far less conspicuous than 
the cathode rays. They were discovered by Gold- 
stein, long after the cathode rays were well known. 
He called them canal rays, in allusion to the fact 
that they were obtained through a channel in the 
cathode. 

It has been found that the canal rays, like the 
cathode rays, are deflected by a magnet ; this deflec- 
tion is in the opposite direction to that of the cathode 
rays, and is far smaller. A magnetic form sufficient 
to curl up the cathode rays into a very small circle 
would scarcely deflect the canal rays to any measur- 
able extent. Canal rays, too, are deflected by an 
electro-static field, in the opposite direction to the 
cathode rays. 

Measurements of the deflection exactly similar to 
those for the cathode rays have been made by Wien 
for the canal rays. His experiments proved that 
the canal rays do not move quite so fast as the 
cathode rays, and that the ratio of charge to mass 
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is beyond measure loss, Ixung of the same %ahK- as 
for atoms of hydrogen, or, Hf>me{inies evi-ii smaller, 
as for heavier atoms. This is not tin* {thwM* to 
pursue the subject, but it will a|j|M*ar in the Heijnel 
that positive charges are nev(‘r asHfM’intetl with mie^Nes 
of less than atomic dimensions. Nf'gative c'orinisele's 
have alono been shown t<» exist, and this is pmhably 
the cause of the essential want of Hymmetrv in tlio 
behaviour of positive and lusgative elect rieity towards 
matter. 

In this chapter but a very srnaU |»art of the 
subject of electric discliarge has Isien toiielied c*n. 
Only those phenomena luive htsm diwussed which 
bear on the intoipretation of the phetjoinena of 
radio-activity. Wo aro now pit^parod t<» Iwniii the 
consideration of that subject. 


I>IHf*t»VK«V f»F «At»I«>'At'riVITY 


7 'A#* Aelfve PUt mmU 

Thk hrani'h i>f ncit'iiw? i»f which thin \v»»rk 
to give Hojtio iicc’oufit in c*f wty Wftit growth. It 
hm fxcitcfl oxtraonliiinry ifitiTfHt ifi (hr Nii»iifih»- 
worifi, and Iiiim attrarh-d n larg** mitniM'r nf workor* , 
IhankK to thoir lalM»ui>t, thi* HiihjiTj Iuih ativaoci'd 
hy IcapH and IkhiihIh, and, llmiigh at iho iiroKonf 
time our kiiowicdgo ia ntill vi'ry ini|M*rfo«‘t in minty 
dinjctiona, wo havit tho ntoaim «»r forming w»mi- 
idea of tho moaning and oan*io of tho my«toriou« 
|>honoinona which investigation lias hroiight to 
light 

Tho firat duo to tho discovery of rmlto m-tiviiv 
was given by the diwuivery of t!»o It^Uitgon ravs iti 
1896 . 

Wo Imvo already mfon that tlaw* rays woto, in th** 
earliest exfmrimentH, ohsorveil to issue from the fdaeo 
whore tla^ cathode rays jtnshiced a great tliioresi'enre 
or hnninescence of the glass. 

In the mrly days of tho diseovery it %vm natural 
to connect this greoni.sh himinesei-iieo with the |fri»* 
duction of tho rays ; ami the (|uesttou jirewtited 
itstdf, if wo exHiid pnshice the huuines.-ence in ,4},* i 
ways, would it give rise to ftiJnlgeii rays as in the 
cascj ? 

Now many suhstancj-s are known which, umh 1 
the influonco of tdiio or violet light (itself of sm h 
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a quality as to bo scarcely visible), aro able to give 
out a brilliant groon luminescenco. Conspicuous 
among these aro tho salts of the rare metal uranium. 
The eommonost examples of uranium salts are 
uranium nitrate, and pobtssiuin-uranyl sulphate. It 
occurred to Prof. Henri Bocquorel, of Paris, to try 
whether those salts, when luminescent under the 
influence of light, would give out Hontgen rays. 
He exposed a photograidiic plate, wrapped in black 
paper, to the action of tho luminescent salts, and 
found, after jm exposure of some days, that a distinct 
impression had been produced on tlio plate, which 
appeared on development. It was natural to con- 
clude that RSntgen rays wore given off, as had been 
thought likely. 

Extraordinary as it may seem in face of tho 
result, this conclusion, juj well m the rea.soning 
which led to it was quite mistaken. Wo now 
know that the fluorescence of the glass has nothing 
to do with the production of tho li^hitgon rays. 
We know, further, that the fluorosconco of uranium 
salts is quite unconnected with tho invisible rays 
which they emit. And lastly, we know that these 
latter are of quite a dilffbrent nature from tho Rdntgen 
rays ! It seems an extraordinary coincidence that 
so wonderful a discovery should result from the 
following up of a series of false clues. For we cair 
obtain the Rdntgen rays even bettor by letting tho 
cathode rays fell on a metal surfiico which is not 
fluorescent instead of a glass one which is. We can 
obtain invisible radiation, able to penetrate opaque 
substances, from uranium in the metallic form, which 
is not fluorescent. And lastly, as we shall see in the 
sequel, ihese uranium rays differ altogether in. their 
nature from the Rdntgen rays. 

This last conclusion, however, followed, much, later. 



DISCOVEKY OP RADIO-ACTIVITY 
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For most of their more easily ascertained character- 
istics, the uranium rays, or Becquerel rays, as they are 
now generally termed, in honour of their discoverer, 
show a striking resemblance to the EOntgen rays, and, 
on the other hand, a striking difference from the rays 
of ordinary light. 

We have already noticed the action on a photo- 
graphic plate, and the penetration of opaque objects. 
Another striking property is the absence of refraction. 
One of the most familiar experiments in optics is the 
bending of a ray of light by a glass prism ; the 
behaviour of the Edntgen rays is very different from 
that of light. They are able to go straight through 
the prism without being turned in the smallest degree 
out of their original path. The same is true of the 
i;ays from uranium, though, on account of their 
feebleness, it is more difficult to make the experi- 
ment. If we place a little of the uranium salt at the 
bottom of a narrow cavity in a block of lead, so as to 
confine the rays into a narrow beam, we shall find 
that, placing a photographic plate in front of the 
openmg, a short distance away, we obtain an impres- 
sion, marking the point at which the rays strike the 
plate. If now we interpose a small prism of wood, 
glass, alummium, or any other material, in the course 
of the beam, we shall find that the rays strike on the 
plate in exactly the same position as at first. The 
rays are not bent at all out of their original direction. 
This experiment is difficult with uranium, but it can 
now be easily repeated by making use of radium, 
which, as we shall see later, gives effects of the same 
kind as uranium but of incomparably greater power. 

One of the most remarkable properties of the 
Ebntgen rays is their power to make the air through 
which they pass a conductor of electricity.. It must 
be understood, however, that this conducffiig power 
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is very much inferior to that of the metals, or even to 
that of acidulated water. It would not bo possible, 
for instance, to pass an electric current through the 
air, when made conducting by the li^intgen rays, which 
would be sufficiently strong to ring an electric bell, 
or to light an electric lamp. 

The effect can readily be shown by moans of a gold- 
loaf electroscope (fig. 10). This instrument, it will 
bo remembered, consists of two 
leaves of thin gold loaf hung side 
by side from an insulated support. 
When a charge of electricity is 
imparted to them, they repel ones 
another, being similarly electrified, 
and, in consequence, they stand 
apart. The more highly charged 
they may bo, tluj larger will bo th(} 
divorgence. If we charge such an 
instrument by touching it with a 
piece of H(«iling-wax whiejh has been 
electrified by rubbing it on the coat- 
slcevo, the leaves will sbmd apart 
for a considerable time, if the air 
around tho instnunent is in ite ordi- 
nary non-conducting state. But. 
if Rdntgen rays are allowed to fall 
upon it, tho air becomes a con- 
ductor, tho charge of electricity 
leaks away through it, and the gold 
leaves fall tr)gether. The action is 
very apparent indeed, and cannot 
escape the most careless observation. I have shown 
it at the Royal Institution with the bulb prf)ducing 
the rays up in the gallery of tho theatre, while the 
electroscope, projected on a seroon by moans of tho 
optical lantern, was near the table. 



Fio, lO.—GoId.kmf dwtm* 
ftflopu 0 f the urditiary form. 
A l^IRJar, a, is fitted with an 
©bemit® afc<»p|M>r, b. Tlmmfh 
this paMiea a bPMi nxl, c, 
c at its npi>er end a 

round bmw diik, At ita 
lower end a ijair i>f gold 
leaviHi, ff, ff are atrip# of 
tinfoil oomi«unio8id.lng witli 
the b^ae of the iriitrument^ 
ami mi with the eardu When 
a ohaiTge of electricity i* irn- 
piarted to f, the leav« stand 
apart by mutual repubion, 
M If they diveii?® 

far enottfh to touch g p, they 
aw diicharged, and wdll 
©ollape. 
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III tlio early days of the diHCovory of tho ui’aniuni 
rayw Becquerel olitained .similar effects from them. 
With uranium, tho oollap.so of tho leaves is not nearly 
so quick jus with Riintgen niys, if tlieso are of the 
intensity commonly used for obtaining photograplus 
of tlio bones. 

>Still tliei-e is no difficulty in verifying Bocquorol’s 
result. tSomo crystols of uranium nitrate may bo 
Hjiread on tho fljit disk communicating with tho gold 
leaves with which most olectroscopjis are provided. 
It will be found that tho loaves do not go down 
appreciably in tho course of a few minutes ' if tho 
uranium is withdrawn to a distance. But when it 
is placed on tho disk, tho loaves lose their charge 
jiltogothor in that time. 

Tlio discovery of tho activity of uranium raised tho 
question of wlusther any other of tho seventy or more 
known elements possessod .similar properties. It was 
certain that none of the materials, such as brass, 
copper, tin, glaas, or iron, which are used in tho con- 
struction of electrical instmments, could possess the 
iKiwor to any extent. For if they did, the leakage 
of electricity through tho air, duo to their presence 
could not have failed to make itself apparent. It 
remained to make a systematic search among tho loss- 
known elements, Tho result was to show that one, 
and one only, of the elements up to that time known 
jiossessed the same power as uranium. That element 
was thorium. The element is rare indeed, but not so 
scarce as to bo difficult to obtain. It is remarkable as 
having the heaviest atom of any known element. 

The activity of thorium is about tho same as that 
of uranium. The discovery of its activity is duo to 
tSchmidt. Thorium is contained in the Welsbach 


* Thii, of €oii»e, supposes that the eieciroscope is in good frorkiog 
order* 
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incandescent gas mantles. Plate I is the photo- 
graphic impression produced by one of these mantles 
on a plate, due to its radio-activity. 

Any one who has followed so far and who is familiar 
with the doctrine of the conservation of energy, will 
not fail to ask, Where does the energy come from 
which has enabled the uranium to affect a photo- 
graphic plate and to thro vr the air into a conducting 
state ? For, if there is any scientific doctrine which 
is thoroughly well established by experience, it is that 
the amount of energy in the universe remains strictly 
the same at all times. If the uranium gives out 
energy, there are only two possible sources for this. 
Either the uranium contains the energy stored up 
in itself, and is slowly exhausting its stock, or, on 
the other hand, it is able to draw its supplies from 
without and to transmute them into the form of 
Becquerel radiation. 

Beequerel was at fiLrst naturally inclined to the 
former supposition. The simplest explanation of the 
power which uranium possessed of giving out energy, 
was to suppose that it had stored up this energy while 
previously exposed to light. Such a storing up of 
energy is by no means outside experience. A con- 
spicuous instance of it is in the phosphorescent 
substances such as calcium sulphide. This substance 
is familiar to every one in the form of Balmain’s 
luminous paint, used for making match-boxes luminous 
so as to be easily found in a dark room, 

Calcium sulphide glows in the dark after exposure 
to sunlight The glow gradually becomes fainter and 
fainter until it has altogether disappeared. But the 
substance must be left for a considerable time in 
the dark before this happens. Exposure to light 
jevives the luminosity again. It was thought, then, 
that the behaviour of uranium might be analogous to 
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this. But experiment did not confirm the idea. For 
it was found that uranium salts which had just been 
exposed to the sunshine were exactly equal in photo- 
graphic power to those which had been long kept 
in the dark. Indeed, it was found that if the uranium 
nitrate was actually exposed to sunshine while it was 
acting on the plate (the latter of course wrapped in 
black paper), there was no increase in effect. An 
even more crucial test might be made with some 
mineral containing uranium. If a piece of such a 
mineral were broken in half in the dark, and the 
activity of the freshly exposed surfaces was tested, 
it would be found that it was absolutely normal. 

It is evident that the material constituting these 
surfaces has never seen the light since the formation 
of the mineral, which, there can be no doubt, occurred 
countless ages before the appearance of man on the 
globe. So that the experiment would show con- 
clusively that previous exposure to light had nothing 
to do with the matter. I am not aware that the 
experiment has been made in this form, but there 
can be no doubt of what the result would be, in the 
light of our present knowledge. 

Another suggestion which was made as to thp 
source from which uranium got its energy, was that 
it was able to draw energy from the surrounding 
air. According to the kinetic theory of gases, air 
consists of a number of minute particles called mole- 
cules, which produce pressure on the walls of the 
containing vessel by their constant impacts with it. 

These molecules are beheved to be flying about with 
varying velocities, some below the general average, 
others above But the mean velocity * about which the 

^ In strictness it is the velocity of mean square that is concerned. To 
compute it, we take the squares of the velocities, average them, and take 
the square root of the result. , • 
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actual velocities fluctuate, depends on the tempera- 
ture, and is fixed so long as the temperature remains 
steady. At the freezing point it is, in the case of air, 
more than a thousand feet per second. 

Now the molecules moving with a velocity above 
the mean, would, if they could be separated from 
the rest, have a greater mean velocity than these. 
Consequently these fast molecules would constitute 
a hotter portion of air, and the others a colder one, 
than the original air. Can such a separation be 
practically effected? All previous experience goes 
to show that it cannot, without calling in the aid 
of other external sources of energy. Is it possible 
that in uranium we have at last been able to find 
an agent for utilizing the energy which exists in the 
heat of the surroundings, without making use of any 
pre-existing difference of temperature? It certainly 
cannot be said to be a priori an impossibility, for we 
can give no proof that energy cannot be made available 
in this way. All we can say is that human experience 
has failed up till now to furnish any case of such 
a thing being done.* 

Attractive though this suggestion may seem, there 
are insuperable objections to it. When we come to 
deal with radium, an experiment will be described 
which conclusively shows that radio-active bodies 
do not acquire their energy in any such way. In 
the meantime we may note that if the air was the 
source of energy, it might be expected that the radio- 
activity would be reduced by placing the substance in 

' An article appeared in a popular magazine a few years ago, describing 
a' process of obtaining liquid air, and using it to obtain more liquid air, 
witk a surplus of power remaining over. It excited a good deal of 
enthusiasm among the unscientific public. If this were really feasible 
it would be a case in point. But those who had any knowledge of the 
theory of heat ventured to doubt whether it had been done as asserted ; 
and the result has justified their scepticisuk 
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an. exhausted vessel. Such, however, is not found to 
be the case. 

We are, then, reduced to assume, citlicr that the 
uranium is acquiring its energy from some external 
source by a process of which wo can form no con- 
ception, or that it is giving off potential energy of its 
own which it had possessed all along, undergoing, of 
course, some change in the process. 

It may be asked, if this latter assumption is to bo 
considered. How is it that the change of other qualities 
which must accompany this loss of energy does not 
become visible? How, in fact, can uranium remain 
uranium? The answer must bo that it does not - 
that if we could only watch it for a suffi(;ient time, 
the change in its qualities, when it had given off its 
energy, would become apparent. The rate of emission 
of energy is so small when compared with the total 
stock that the uranium possesses, that, during tlxe 
hundred years or so that the metal has been known, 
the changes proceeding in it have not visibly altered 
its properties. This is the view now generally held, 
and we shall see in later chapters that there is very 
strong evidence in support of it. 

It has been explained how the wonderful radiating 
properties of uranium wore discovered. Wo now 
come to the more sensational dovolopmonts which 
have attracted .so much attention of late. 

It is found tlxat all the compounds of uranium emit 
Becqucrel rays. They are all able to affect a photo- 
graphic plate which has boon wrapped in bla<;k pap(sr, 
and they can all discharge a gold-loaf electroscope. 
It was a natural and obvious experiment to compare 
the various compounds of uranium amongst tlicm- 
selves, in order to see which was the most a<;tivo. 
The experiment is not difficult. It is merely necessary 
to place equal quantities of the variou-s compounds 

n 
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successively on. the plate of the gold-loaf 
scope, and to compai'e the times 'which the 
take to collapse in each case. 

For this kind of work a special form of elect 
has been devised, which is very convenient. 1 
of the electroscope can be observed by jnea: 
microscope with a scale in the eye-piece, w 
focussed on it Thus the rate at which the h 
down can be read. A metal plate is prov 
carry the radio-active substance (hg. 11). 


Fig. 11. — ^Blectroseope designed by !M. Curie, for measnr^raents ia radio- 
The instrament is enclosed in a "brass case, a h c, The front wall is of clear g 
back one of obscnred glass, to provide a diffused light. A metal strip, d, han., 
insulating support,/; from the roof. To this strip the gold leaf. €, is attaclied. 
plate, h, is connected to d by a brass rod, which passes, without touching, 
a hole in the case. A second nnetal plate, g, is in metallic oommanicabion i 
case. On this the radio-active substance is spreadl, and causes a leak of electric 
the electrified plate, A. The leaf thus gradually collapses. The rate of motioi 
by means of a microscope with ascale in the eye-piece, focussed on the leaf. For < 
the instrument, a knob fnot shown) is prowidLed, which project* outside the oas©; 
by the rod, k. This knob, also the plates g, are provided with metal covers t 
them from external inflaence. 


Comparisons of the uranium salts were carr 
by Madame Curie. She found that the 'varior 
pounds did not differ much among themsel 
activity. The compound of uranium with c 
for instance, known as uranium oxide, discharj 
electricity about as fast as the compound with 
acid, uranium nitrate. There were slight diffe 
attributable to the fact that some of th© com 
contain a larger percentage of the metal than 
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But those differoncos woi’o eonipamtivoly unimportuut. 
Tho essential thing was, apparently, the prosou(*,e of 
uranium. What other elomont it might bo combined 
with did not matter much. Indeed, an ingot of tho 
metal itself gave a result not very different from the 
compounds. 

Radium 

Uranium, like most other metals, is obbiinod 
from an ore which is quarried, or mined, out of the 
earth. This ore is called pitchblende. It is not a 
very common mineral. When it do(is occur, it is 
usually found among igneous rocks, like granite or 
felspar (Plate II). It is very valuable, us it <ionHi.stM 
mainly of uranium oxide, which is in demand for 
making canary glass, and for some other purposes. 

Madame Curio turned her attention to this sub- 
stance, to see whether it behaved like tlio artificial 
compounds of uranium. To her surprise slio found 
that it was very much more powerful than any of 
them. One specimen of pitchblende, for instance, 
which had come from Joachimsthal in Bohemia, was 
three or four times more active than uranium. 

What could be the explanation of this? Wliy 
should tho native compound of uranium be so much 
more energetic than tho artificial purifwxl product? 
Madame Curie’s answer was that jutcbblende con- 
tained, besides uranium, some now substance which 
was far more radio-active. 

It has been menti«)ned that pifrhblotide consists 
mainly of uranium oxide. But in juldition to this it 
contains small quantities of many metals, such as 
iron, copper, lead, bismuth, and f»thens, IndetHl, 
there are probably few metals which would not be 
found in it, if the search were carried out with sufii- 
cient care. The problem of separating pitchblendtt 

n 2 
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into all its constituent parts is, accordingly, Tcry 
complex. The methods of chemical analysis, how- 
ever, make it possible to effect the separation. 

Monsieur and Madame Curie proceeded to do this, 
and they tested at every stage the radio-activity 
of the products, using the gold-leaf electroscope as 
before. 

It will not be necessary to enter into the details of 
this process of separation, but some general idea of it 
may be given. In the first place, the mineral is 
heated with carbonate of soda, and then dissolved 
in hydrochloric acid. The solution is treated with 
sulphuretted hydrogen gas. A black mud, or precipi- 
tate, is immediately thrown down from the clear 
solution. This is separated from the solution by 
filtering. It is then dried, and tested with the 
electroscope. It is found to be radio-active, and, on 
further separating it into its constituents, which 
include, amongst others, copper, bismuth, and lead, 
the radio-activity is found to accompany the metal 
bismuth. 

■ The clear solution from which the black precipitate 
was separated is now free from the metals which the 
precipitate contained. Ammonia is added to it, and 
a new precipitate is formed. This precipitate con- 
tains iron, uranium, and other elements, and is, of 
course, also radio-active, owing to the presence of 
Uranium. 

Separating the clear liq[uid by filtration, as before, 
we add ammonium sulphide, a reagent prepared by 
passing a stream of sulphuretted hydrogen into 
ammonia. This separates a further precipitate, which 
is not appreciably active. 

The clear liquid, or filtrate, as it is called, which is 
left after this operation is treated with carbonate 
of ammonia, often known as sal volatile. This time 
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a precipitate is obtained which is far more active 
than the original pitchblende. The principal active 
constituent is contained in this precipitate. The 
precipitate obtained by adding carbonate of ammonia 
contains those metals which are called metals of the 
alkaline earths. Calcium, which is the metallic com 
stituent of chalk and hme, is the most abundantly 
distributed of these. 

Another alkaline earth metal is known as barium. 
This is much less common than calcium, but still 
fairly abundant, and it is this metal which is chiefly 
present in the precipitate which the solution of pitch- 
blende gives when treated with carbonate of ammonia. 

Is it, then, to be concluded that barium is radio- 
active ? The answer must be in the negative, for it 
is found that barium extracted from other minerals, 
such as barytes or heavy spar, is not at all so. It is 
evident that the barium from pitchblende contains 
some other substance, which is so like it in chemical 
properties that all the chemical operations which the 
material has undergone have failed to' separate them. 

There is a method which hardly ever fails to sepa- 
rate two metals, however closely they may resemble 
one another, and that is the method of fractional 
crystallization. To explain this method a slight 
digression will be necessary. Suppose that we have 
a salt of barium, barium chloride for instance, and 
dissolve it in water. It will be found that the 
amoimt that will dissolve at the ordinary temperature 
is limited and definite. But, if the water is heated 
to the boiling point, we can dissolve much more. If 
we dissolve as much as we can in boihng water, and 
then let the clear solution cool down, what will 
happen? The solution cannot, when cold, hold so 
much salt as it did when hot, and so some of the salt 
wifl separate out in crystals on cooling. Suppose,. 
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now, that we have a mixture containing both hi 
chloride and calcium chloride. We dissolve tl 
water, adding enough water to dissolve the wh< 
it. We then heat the water to boiling, and b 
away until salt just begins to separate out froii 
bo iling solution. Then we let it cool. Part o: 
salt separates out; but, since barium chloride k 
soluble than calcium chloride, it is more reac 
separate from the solution. So the separated 
contains more, and the solution contains less, o; 
barium chloride than the original salt did. One 
has been taken towards separation. Hext we cc 
the separated salt, dissolve it in water, and treai 
solution exactly as before. This time the salt w 
separates is stOl richer in barium chloride, and, i 
go on long enough, we shall, in the end, be abl 
obtain the barium chloride quite free from oal< 
chloride. The process is slow, but sure. 

This example illustrates the process which M. 
Mme. Curie applied to the radio-active barium w 
they had obtained from pitchblende. They conve 
it into the chloride, dissolved it in water, and be 
the water until crystallization commenced. Then ' 
allowed it to cool, and collected the separated crys 
These crystals when dried were found to be n 
active than the material from which the solu 
had been made. The material still in solution w 
recovered was, of course, less active. It was evid 
therefore, that associated with the barium clilo 
there was a radio-active metal, allied to barium, wl 
formed a chloride less soluble than barium ehlor 
It had been partially separated from the bar 
chloride, just as, in the example we gave, bar. 
chloride was separated from calcium chloride. 0 
new element was named Radium, in allusion to 
radioiachTe properties. 
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By working on largo quantitios of nnitt'rinl, and 
by ropeatod fructioiud cryntiillizutiouH, M. and Mnio. 
Curie obtained products monj and more active. At 
overy crystal Imition the acdivity be(;am(! gnfabjr, and 
at first it seemed as if there wctro no limit. It will 
be understood that, starting with a small <iuantity 
of the mixture, the amount bocomos lass at tjvery 
operation, until, after a certain number of crystalliza- 
tions, the amount remaining becomes too sniali for 
further treatment. The only escape from this difli- 
culty is to take very large ((uantiticis of the miuornl 
to begin with. Pitchblende is a valuable mineral, as 
we have seen, because <d' the uranium contniiUHl in 
it. But the residues left after the uranium had been 
extracted wore wtadh little or nothing, and couhl !«> 
had for the asking, though that is no longer tint case. 
I'heso residues coutaiiutd all, or nearly all, tlm barium 
and radium, and several tons of this material W(*re 
worked up by M. and Mum. Curie. Now that tint 
I)ropertie8 of the material sought for wttre known, it. 
was no longer necessary to separate evttry constituent 
in the mineral. It was moittly ncscessary to obtain tint 
barium with its accompanying ratlium. For this |»ur{«tse 
a process which was simpler ainl nn»rt) direct than that 
which wo have followed WJis devistjdfsee Appendix C|. 
It will be unnecesHury to follow this in detail ; sul!i<;e 
it to say that many pounds of the barium chloride 
containing radium were obtained, d'lns mixture was 
systematically treated by fiwdional crystallization. 
At every step stn»nger and strongtsf prodinds wtsre 
obtained. After several ()|K;raliorjs a {axalind no less 
than thirty times more active than uranium was 
obtained. Surely at last the product, if ind. pun*, 
must at least contain a large proportion <d the new 
element? A piece of platinum wire was dipjasl in the 
salt, and then into the blue non-lurainous flame of a 
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bunsen gas burner. The characteristic green coloration 
produced by salts of bariiun was visible, and when the 
hght was analysed by means of a prism, the only rays 
which were at all conspicuous in the spectrum were 
those produced by barium salts. But, on closer 
examination, faint traces of new lines were visible. 
These were attributed to the new element, but it was 
evident that, even in this intensely active product, 
the proportion of the new element was small. It was 
necessary to persist with the fractional crystallization. 
The products became more and more powerful, until 
at last, when the salt was examined in a bunsen 
flame, the green colour due to barimn began to become 
less conspicuous, and the red rays characteristic of 
the new substance began to be predominant. Finally, 
when the quantity of salt had been reduced to the 
merest pinch, by the successive reductions at each 
separation, the barium rays could no longer be seen. 
Pure radium chloride had at last been isolated, at 
the expense of almost incredible labour and persever- 
ance. The activity of the product so obtained was 
truly amazing. It discharged the electroscope a 
million times faster than uranium. It would almost 
instantly fog a photographic plate brought near 
it. Sir WiUiam Huggins has mentioned a striking 
example of its power in this respect. Five milli- 
granames of the salt, which would, perhaps, be about 
the size of a grain of com, were put in the top drawer 
of an ordinary writing-table. A packet of photo- 
graphic plates happened to be in the bottom drawer 
of the same table. These were required for use a few 
days later ; but it was foimd that they had been com- 
pletely fogged by the radium, which was, probably, 
eighteen inches off, and separated from them by the 
contents of the intervening drawers. 

Different samples of pitchblende vary very much 
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in tho quatitity of nMliiun that thoy <«)ntain. Knglish 
{(itehbhaulo, from Coniwall, contaiiiH much 1<*hh tiian 
tho JoachiiuHthal ores uh<-<1 hy M, and Mnuj. (Juric. 

Pitchhh'udo i.s t!io only aource from which radium 
has yet Imh'u oxtracto<! in tho jairts atato. It in, how* 
over, by no moaiiH tho only minoral which containM 
tho (‘lenient. All those minorals wliich C(»ntju« 
unmium, thorium, and tho rare earth nu^tiils, cerium, 
yttrium, etc., contain trucos of radium also. Example.^ 
of th(!H0 are sanuirakito, a bhu^k, heavy, luatrous 
mineral, %vhi(di contains tho oxides of many motulH, 
including niobium, tantalum, and yttrium ; fer- 
gusonito, another bhwsk minoral from ft'lspjir roc^ks 
in Sweden : and clevoito, a substance allied in its 
nature to pitehblondo, and inhinjsting f*n ju^c.ount of 
the fact that it was thts first discovonsd H(»urc(i (»f 
terrestrial helium. All these suhstaneos are of wry 
rare <K;currenco, and tho proportion of radium cou- 
tained in them is oven smaller tlian in good piteli- 
blendo. Wo shall rottirn to this 8ubj(K;t latisr. 

Kiwiium cKjcum also in certain minei*al wateu's, 
notably in th(«o of Bath and Buxton. But tho pro* 
f>ortion is very small indeed. Nor indeed could it 
be otherwise; for these wat<jrs all contain sulphates 
of lime and other metals in solution, 'riuiso sulphates 
would precipitate almost all the radium that might he 
in solution, in the form of radium sulphate. No saline 
substence that wo know of is absolutely insolubbs; 
but the sulphate of Ijaritim only dissolves very 
sparingly, and in all probability tlus sul{)hat(5 of 
radium, the next in the series of nlkaline eartli mehds, 
i.s very much less soluble still. 

I have found that tho iron dejKwit left by the Bath 
water contains much more radium tlnm the milt 
obtained by evaporating tho water. It contains as 
much, in fact, as some of tho less active minerals. 
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The same is tnio of tlu; Buxton (h'lHthit. Bui thi< 
annual yield of deposit by the springH is vi ry hiiiidl 
in both eases. 

It would bo very intcrcHtinj^ to kmnv wlu tluT the 
medicinal value of thc.so mineral waters is runnerti d 
with the presence of radium in tliein. Hnim* t*f the 
waters which have ^.^reat rejnite an* so uearl'ii pure 
that their virtue has always Ih'cii reuardi-d as \i rv 
mysterious. Thoi'o does not .seem t*> fm any .sntlieieni 
peculiarity reveale<l by the analysis of (lie water to 
explain why it .should l>e better than any «»rdimiry 
spring water. If this conid la* traee«l to the pre.M jiee 
of radium, tlie mystery would las in gri-at measure 
explained. For the presenee of even a very small 
proportion of a subshuna! so eneryetie might las 
expected to prwhicts remarkahio ro.s«!ts. 

Many kinds of soil uml r««:k also eontain trares f»f 
radium. But these traces are very slight iiid(«'«i. 
and can only Ixs (letectod hy speeial metlMsls, The 
element, rare as it is, is none tlie less ilistribiited in 
recognimblo tra<x*s almost everywhere. 

The question is often askerl, Is them iiny prif 
bability that radium wdll ever 1 m? found in large 
quantities? It must Im? atlmitted that several 
elements, which at tlie time of their diwovery wen- 
very rare, have turned out to la? in reality relativelv 
abundant. Thorium find vaniulinin an? exanifdes of 
this. Thorium, for instance, was originally humd in 
the rare Norwegian minenil thorib?. Berzelius. wh*i 
was the ti«t to investigate the prii}«rfies ttf the 
element, was only able te obtain enough material to 
fumBh him witii a fow grainines of it. But now it 
has bwn found in hii^ quantities in tbe mineral 
monazite in Brazil, and is worked up eoniim rehiliy 
by the ton for us© in pre|Mtring the mantles id iiieaii. 
descent gas lamps. 
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We cannot always feel sure, therefore, that because 
the supplies of a new element are scanty at first, they 
necessarily remain permanently so. But in the case 
of radium there is reason, as we shall see later, to 
be certain that it can never be anything but very 
scarce. 

Polonium 

It was mentioned, in describing the analysis of 
pitchblende for radio-active substances, that the 
precipitate formed by sulphuretted hydrogen in acid 
solutions is radio-active. The activity is found on 
further analysis of the precipitate to be mainly 
associated with the bismuth contained in it. 

Bismuth is present to a considerable extent in the 
pitchblende. Ordinary bismuth is quite without 
radio-activity, so that it is clear that the radio-activity 
is not due essentially to the bismuth itself, but to 
some radio-active substance contained in it, which is 
very similar in its chemical behaviour. This new 
substance has been named by Mme. Curie, polonium, 
in honour of her native country. 

It is very doubtful whether polonium has been 
isolated in a pure state. The separation from the 
accompanying bismuth was found by Mme. Curie 
very much more difficult than the separation of 
radium from barium. 

The methods employed by her were very similar in 
principle to those used for the latter separation. 
They depended, however, on fractional precipitation 
instead of fractional crystallization. Polonium- 
bismuth was dissolved in nitric acid, and water 
added to the solution. This process partially pre- 
cipitated the material in the form of a basic salt, 
which was found to be much richer in the active 
constituent than the original substance had been. 
The process was repeated many times, and eventually 
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does not consist wliolly, or even mainly, of polonium ; 
the principal constituent is tellurium, a rare element 
■which occurs in pitchblende in minute traces. The 
tellurium can be precipitated from a solution of the 
deposit by means of hydrazin-hydrate, and polonium, 
presumably in a pure state, remains in solution. Only 
four milligrammes were obtainable from two tons of 
pitchblende, so that the proportion present is only one 
part in five hundred million. 

The activity of the product is so great that an 
electric current can be sent through the air in its 
neighbourhood sufiiciently strong to ring an electric 
bell. 

It is right to state that Professor Marekwald does 
not regard the product obtained by him as identical 
with Mme. Curie’s polonium. But his reasons for 
considering it different are not, so far as the author is 
aware, generally regarded by current scientific opinion 
as having much -weight. 

; Polonium diminishes in actmty after it has been 
separated from pitchblende, losing about half its 
activity in six months. Some have for that reason 
regarded it as being a form of bismuth made active 
by the neighbourhood of radium, rather than a true 
radio-active element. But in the light of recent 
investigation this objection has lost its cogency, as 
we shall see in a later chapter. 

The quantities of polonium hitherto prepared have 
been too small to allow of a determination of its 
atomic weight. Its general chemical behaviour is 
very closely analogous to that of bismuth. 

Actinium 

Subsequently to the original, investigation of M. and 
Mme. Curie on pitchblende, which led to the dis- 
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covery of radium and polonium, M. Debierne was able 
to establish the presence of a third new radio-active 
element, to which he gave the name actinium. This 
substance is nearly allied to thorium and to the other 
rare earth metals in its chemical behaviour. It is 
precipitated, along with uranium and mapy other 
metals, in the ammonia group, in the process of 
analytical separation of the constituents of pitch- 
blende. But for preparing it in practice, the waste 
residue, free from uranium, is used.^ M. Debierne 
has mentioned several reactions which may be used 
for separating a product rich in actinium from the 
mixture of other metals in the ammonia precipitate. 
One of these is to dissolve the precipitate in weak 
hydrofluoric acid; it is found the actinium remains 
in the least soluble portion. An alternative method 
is to add some soluble barium salt to a solution 
containing actinium, and then to precipitate the 
barium again by means of sulphuric acid. The 
sulphate of barium carries down the actmium with 
it. This procedure is recommended as being specially 
effective. 

Pure actinium has not been obtained. Even the 
strongest products containing it consist mainly of 
thorium. Thus we liave no information as to its 
atomic weight. Nor has it been observed to yield 
a characteristic spectrum. 

In addition to the radio-active elements which have 
been discussed, and whose existence is well established, 
a radio-active substance associated with the lead of 
pitchblende has been described. Sufficient evidence 
has scarcely yet been accumulated to determine 
whether this is a genuine radio-active element, or 
whether it is only made active by traces of radiiun, 
or by having been in the same solution with radio- 
^ See Appendix C. 
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active elemoritH; but tho buhuice of cvitlciua* 
to iiK'Jiuo to tlio view that it in ho. 

ToHum up, the well-establiHhed radio-active elemcuts 
;irc : 

llranimn. 

Tiioriiuu, 

Ihidiuin, 

Actinium. 

Polonium. 

In addition to thcHo there i.s tln'^ radio-active h-ad 
juHt mentioned. Only the fn-Ht tlu'ee in the lint have 
bticn certainly obtained, in the* Htate <»f jairti <’.oni- 
jHjundH, and ob-served to give a characterintic. Hpectruni, 
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raoi'Kimi-x Asn xatvm : «»i* mi; «Ait!4Ti<»’<- 

In tlw) rlmpfi i'H wi- luivu, iu ih«* inAju, 

followed the historiejil i»rd«*r «»f tlevelujuui iii «*f i»!u' 
subject. But, in jHiitJuiuM: it fiirtlu r. it will !«» m«<r* 
convenient to ahiiiidon thij^ jihin. TIu’ notitlwr *4 
workora in the field »»f riidh**jieiivity h/i^* n very 
large, and will j»rol«d)ly inereaw* i*iill more. ,e« thi< 
Bupreune impi»rtanfe of the Kubji**’!, end the rhanee 
which it HCMsniB to give of f«r*rear|iing di‘t«’ovi'i ie**. 
come to Ikj rot!ogiii/ 4 ‘fi Tlie work of dilTerent in* 
ve«tigator« jh ho interwoven, and ho iiiaiiy Inive 
aBsiKted in the dov«*lo|»iiieiit «»f jwtiliruhir jHiintu, that 
it would load to hojadem e»i»nrn>*ioii if nn attempt were 
made to prijHtuit the »iibj*-et in the m-der in wlneh it 


to every reader tif the fori*going |i«g» 




further oxiierimenta with the raya. We Hindi b gin 
with some which ahow tliat, winilever the Ih «'«|w^rf4 
rays may be, they ans not all of the hmiii* kind. 

Supp«»o we take a vuty mnall qiiJiiitily of rarliniw 
salt and placo it on the lower plate of Ih** rheir«H 
scop© (fig. Ilk ill© rate ©f tlwchargo %vi!l !♦» exlrmnely 
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rapid If tho k?af is giv<!ii a cliargo of lika^tricity, it 
will lose it almost iiiiin<!(ruit<»ly, owing to tlio tlis- 
cliarging jx)wcr of tlio racliuin. Rut if wt4 one 

shoot of common tinfoil over tho raditnti, and try 
again, wo sliall find that tho charge is lost, quioklj, 
indc«l, but sti 11 very mneh i<!HS »» than before. I'orhajiH 
tho Kite of <lis<‘.lmrgo will now bo only one-tontk m 
gresat as it wa.s at fimt. Let us n(‘Xt put <in a second 
shoot. What is tho rate of discluirgc^ to ho now? 
Will tho HGcond slusc^t rinhico it twifohl again, liko tho 
first? By no nieans. Wo find that tho stasmd Hlnw't 
produces very little effect. It is iwident tliat the rays 
which arc abki to get througli a sheet of tinfoil aro of 
quite a different kind from the hidk of those given 
out by a bam radium salt Tin? sluad of foil has 
acted liko a filter. It ha.s flltcre<l out hikI Htoppeil 
an easily absorbed kind of rayH, and it lia.s allowed 
another kin<I of rays, which are morts penetrating 
than the first, to g(*t through. Those p«motrating 
rays are not appreciably ahsorlied by a sheet of thia 
thickness, and consequently the insertion of tho second 
sheet doea not affect them materially. 

It nmy ho asked, Aro the rays which survive tho 
fi«it and soconcl sheet of tinfoil all <ff the sninii kiixi, 
erdo they include a third kind, even more [Kiiudrating? 
Experiment shews that they do. If we place a bicaik 
of lead a quarter of an inch thick on the radium, we 
sliall find a great redutdion of diseliarging power. It 
may now take some rninntoH for the motion of tho 
gold leaves past the divissionis of the s^ado to laiei^nie 
apparent. If wo iwid another siudi block, the motion 
of tho loaves will, indeed, Imj slower still, but not v<iry 
markedly so. The socond kltnl of rays have lasin 
filtered out, and a third kind, still more {sjnetratiiig, 
hjw been loft 

The first kind of rays, tho.so which aro stopjaai by 

W' 
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very screens, have become known as the a-rays, 
the second kind as the ^S-rays, and the third kind, the 
most penetrating of all, as the y-rays. 

There are certain properties common to aU three 
kinds of rays. They can all produce electric dis- 
charge, as we have seen ; and they can all act on the 
photographic plate. These are the methods which 
are generally most convenient for the detection of 
the rays. 

FLTJOKESCENCE PEODUCED BY THE EAYS 

Another striking property which the rays possess 
is that of causing fluorescence ; that is, they can 
cause certain substances to glow with a luminosity 
easily visible in the dark, but unaccompanied by 
appreciable rise of temperature. The diamond is 
one of the most conspicuously fluorescent substances. 
The experiment is very easy. It is merely necessary 
to go into a dark room provided with a small quantity 
of radium bromide, and to bring it near a diamond 
ornament. The stones at once glow with a bluish 
light. If the ornament includes other stones, such 
as rubies, these will appear quite black. A ring con- 
sisting of rubies and diamonds alternately shows this 
very effectively. The diamonds shine out brilliantly, 
while the spaces between them, filled by the rubies, 
are dark 

This fluorescence of diamonds forms a very con- 
venient test of their genuineness, quite within the 
reach of any one who can obtain the use of a httle 
radium. For imitation diamonds do not fluoresce, or 
at least so slightly compared with the real ones that 
there is no possibility of mistaking them. In this 
simple way real diamonds can be distinguished from 
false ones, without any expert knowledge whatever. 

Other substances which are brilliantly fluorescent 
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are zinc sulphide, which glows most brilliantly under 
the a-xays, and barium platino-cyanide, which is best 
for the and y-rays. 

Screens are made of these substances spread on 
cardboard, which are very convenient for experi- 
mental purposes. The platino-cyanide screens sold 
for showing the bones of the hand with the ESntgen 
rays are also suitable for observations Avith radium. 
If a small quantity of radium be brought up to such 
a screen, it will be seen to be faintly luminous with 
the rays falling on it. On bringing the radium 
nearer, the luminosity becomes stronger, but is of 
course spread over a smaller area. The luminosity 
is nearly as bright if the radium is brought up on 
the blank side of the screen, since the rays can easily 
penetrate the cardboard, and excite the luminosity 
of the prepared surface. The luminosity will still 
be seen if a piece of metal is inserted in the path of 
the rays, before they fall on the screen. If the hand 
be placed against the back of the screen, and the 
radium held some inches off, the shadow of the fingers 
will be seen on the screen, and it may even be possible 
to make out something of the bones. The difference 
between flesh and bone is not nearly so clear, how- 
ever, as with EOntgen rays. We shall return to this 
point later. 

An interesting example of fluorescence under 
Becquerel rays is afforded by the tissues of the 
eye itself. The effect is easily observed. Close the 
eye, and cover it with black paper, so as to exclude 
all light from without. Now bring up the radium 
outside. Distinct luminosity will be perceived, owing 
to the fluorescence of the tissues under the Becquerel 
rays, which penetrated the paper and the closed 
eyelid. 

The fluorescence is naturally most intense when the 
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fluorescent substance is very close to the i-adium. The 
most brilhant effects of all are obtained by mixing 
them. If some zinc sulphide is mixed with radium 
bromide, and any design painted on a cai’dboard 
screen, it will glow perpetually in the dark. 

At the time when the first edition of this book was 
written, it was not generally supposed that fluores- 
cence excited by uranium rays was powerful enough 
for the eye to detect ; recently, however, M. Bccquerel 
has drawn attention to the fact that green fluorescent 
uranium salts are visibly luminous in the dark. This 
luminosity persists when they have been long kept 
from sunlight; it must therefore be ascribed to 
fluorescence of the salt under its own radiation. The 
light is feeble, but most persons are able to observe 
it; in order to do so, a good quantity of the salt 
should be taken, and the eye should be thoroughly 
rested by remaining for a long time in an absolutely 
dark room. An hour is not too long. 

It is curious that this luminosity was not observed 
long j^o; for uranium salts have been known for a 
century. There is sometimes a temptation to think 
that early investigators had a groat advantage in 
having virgin soil to woi’k upon. It is clear, however, 
that diseoverie-s can still bo made without very 
elaborate appliances. 

It is natural to inquire whether there are any means 
of foreseeing whether a substance will be fluorescent 
under the Becquerol rays, or not. There are no means 
by which we can be sure, for the reason why some 
sutetances fluoresce, and others do not, is quite 
obscure. There seems to be a connexion between 
fluorescence under Bccquerel rays and fluorescence 
under the action of light- Many of the substances 
which fluoresce under one agent also fluoresce under 
the other. Barium platinoKsyanide is a conspicuous 
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example of aucli coincidence. But the rule is far from 
universal. Some of the aniline dyes are vei’j fluor- 
escent under the action of blue or violet light, 
lighting up with a brilliant green colour. But tliey 
remain quite dark in the neighbourhood of radium. 
Again, the majority of diamonds do not fluoresce 
much under the action of light, while they all appear 
to do so to some extent under the Becquorol rays. 

In Borno cases, luminosity produced by the Bec- 
querel rays persists after the rays have ceased to 
act. It is said that some varieties of fluor-spar will 
remain feebly luminous for days after they have been 
exposed to radium. In some cases it has been 
thought that this afterglow is connected with the 
coloration of the material presently to bo described. 

CHKMICAIi EFFECTTS OF THE KAYS 

One ciise of chemical action induced by the 
Becquerol rays has already been encountered. That 
is tluiir action on a photographic plate. The bromide 
of silver conhiinod in the gelatine film is reduced to a 
lower state of oxidation, or rather bromination, and 
this rendem it susceptible to further reduction to 
mebdlic silver by the developer. The action is, so far 
as we know, identical with that produced by ordinai'y 
light on tlie plate. 

Many chemical clianges are sot going by the 
neighb()urh<K)d of I’adium. 

For example, if a radium salt is dissolved in water, 
the water is continuously, though very slowly, decom- 
posed into its elementary constituents, oxygon and 
hydrogen. The mixture of gases is slowly evolved in 
minute bubbles. 

The Becquerol rays are able to change the yellow 
inflammable kind of phosphorus into the red inert 
variety. 
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The fluorescence of barium platino-cyanide under 
the rays has been noticed. This substance is ordinarily 
lemon-yellow in colour, and very fluorescent. But if 
it is kept near the radium for many hours it will 
become changed into an orange-red compound, which 
is not fluorescent at all. 

Another example of the same kind is the coloration 
of glass by the rays. If a radium salt is kept for a 
few days in a glass bottle, the glass will be seen to 
have become distinctly violet. With prolonged ex- 
posure to the rays the coloration becomes very deep. 
The exact nature of the change here occurring is not 
certain, but it is generally believed that the violet 
colour is due to the separation of alkali metal {sodium 
or potassium) in a finely divided state. The glass of a 
ESntgen tube becomes coloured in the same way after 
long use, though not nearly so strongly. 

Most salts of the alkali and alkalium earth metals 
acquire colour under the influence of the rays. 
Common rock-salt becomes blue. Barium salts con- 
taining radium, such as are obtained in the early 
stages of preparation of the latter, become red under 
the influence of their own rays. 

In aU cases the colour disappears when the sub- 
stance is dissolved in water; and, by subsequent 
dr 3 dng, a white salt is again obtained. 

The violet colour of the glass is destroyed by 
heat. 

One other example of a chemical action set up by 
the rays may be described — not because it is in itself 
specially interesting theoretically, but because it has 
been found very convenient as a practical means of 
detecting the presence of the rays. 

It has been found by Mr. Hardy and Miss Wilcox 
that a solution of iodoform in chloroform turns violet 
under the action of light. This violet colour is due to 
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:he liberation of iodine. A little oxygen is necessary 
for the reaction to take place; but the atmosphere 
supplies this. 

If no light is acting, the solution remains colourless. 
But in sunhght the violet colour soon becomes con- 
spicuous. The exact nature of the change is not 
known. The interesting point is that the Becquerel 
rays are able to set it going, as well as light. 

This reaction can be observed even if the radium is 
covered by thick lead, though, of course, under such 
conditions it is very slow. The /S- and y-rays are con- 
cerned in producing it. The a-rays do not appear to 
have much effect, if any. 

In most of the cases which have been described, the 
question of which kind of rays is chiefly operative in 
producing chemical action has not received much 
attention. But probably the j8-rays are usually most 
concerned. It is certainly so in the case of the action 
on a photographic plate ; for in this instance the 
a-rays have comparatively very little effect. 

The examples which have been given by no means 
exhaust the list of chemical actions which are pro- 
moted by the Becquerel rays. Indeed, it is perhaps 
not too much to say that they will be found to exert 
an influence on the majority of chemical actions. The 
subject offers a very wide field for experiment, and 
one which has as yet hardly been touched upon. It 
is very possible that the action of the rays may be 
found m some cases to result in the formation of new 
compounds, which cannot be produced in any other 
way. 

The effects of fluorescence and chemical action 
which we have been describing cannot, for the most 
part, be detected with the feeble radiation of uranium. 
It is necessary to make use of the much more power- 
ful rays of radium in order to observe them. The 
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luminosity of uranium suits under their own radiation 
is an exception, however. 

l'irYHI0r,O(JICAL MtOI'KItTIKS OF TIIK KAYS 

For the sake of (’omjdetcnieKH, it is necessary to .say 
a few words aV)out the physiologic'al idhicts of radium ; 
these may ultimaltily jtnnui to las of th<! utmost im- 
portance from the Htnndjtoint of pnudieul medicine. 

'fho effects were first l>rmight to light in a some- 
what dramatic way. M. lk!<;t}aerel hat! for some time 
carried in his waistcajat-poeket a small sealed tube 
containing a radium prtsparation, in order to have it 
ready to show to ids friends. After a short tinm, the 
skin underneath tfie {KK;ket became? re<i and inflamod. 
Eventually it developed into a painful sore, which 
healed only witli grtsat diffunilty. 

M. Curie has obtained a distinct reddening of the 
skin after an oxjKrHure to the rays of only eight 
minutes. This rtsddening appearetl two monthH after 
the exposure, and did not pnsluce any serious n?Hult. 
If the exposure is allowed to protasal for any con- 
siderable length of time, it leaves a jronnanent 
scar. 

It seems probable tliat the usts of radium may 
supersede ultra-violet light, and the Itontgen rays, in 
the treatment of certain skin disijiwos. Cases have 
boon reported whore its action has resulted in thts 
reduction of cancer jprowths. Tho author is not 
comx>etcnt to judg^ how much oonfklonco cun Ik? 
placed in these results ; but tho subject seems to bo 
ftill of promise. 

The rays seem also to have some effect in retarding 
the growth of bacteria in certain cases. Tlajj arc likt^ 
wise able to paraiyso small tuitnuUs, when the brain 
is exposed to their action. Death ensues soon aftor- 

Tli© leav<» of pknto am destroyed by tho Boc<|iiereI 
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rays. They turn yellow, and become friable. Lord 
Blythswood has remarked a similar effect on linen 
exposed to the rays. This also soon becomes quite 
brittle. 

THE fi-RA.YS 

We shall now describe the experiment which first 
gave a clue to the nature of the j8-rays. This experi- 
ment shows that they are deflected by magnetic force. 
It was made at about the same time, though in some- 
what different forms, by three independent investi- 
gations — those of MM. Meyer and Sweidler, M. Geisel, 
and M. Becquerel. 

There are many ways of making the magnetic 
deflection apparent. The simplest and crudest is 
to bring the radium salt near a photographic plate, 
wrapped in black paper. If no magnetic force is 
applied, the result will be a blurred patch, symmetri- 
cally disposed with regard to the position of the 
radium. If now a magnet is brought up so that one 
pole is on each side of the path of the rays, it will be 
found that the image obtained on development is no 
longer symmetrical, but is drawn out almost entirely 
on to one side. The direction of the deviation is at 
right angles to the path of the rays, and to the line 
between the poles of the magnet. By turning the 
magnet over, so as to make its poles change places, 
the direction of the deflection is reversed. 

The same experiment can be made with a fluores- 
cent screen instead of a photographic plate. If an 
electro-magnet is used, the luminosity is seen to be 
drawn out to one side when the current is sent one 
way, and to the opposite when it is reversed. The 
electrical method may also be used for detecting this 
deflection. M. Curie was the first to use it in this 
way. He placed the radium salt at the bottom of a 
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narrow leaden vessel {fig. 12). 'Huh v<«hh(’ 1 was plju;o<l 
between the poles of an electro-magnet. When the 
magnet was not excited, the rays i.ssuing from the 
mouth of the vessel fell on an (dectrosfojw*, and thi.s 

was aecortliiigly 
tlischarged. Bnt 

^ -p__j — K when tile niag- 

* nt!t was exeitedi 

I (I 11“' !■«>'« were 

I V I r — h «'nrve<l and 

^ ^ tlirown against 

vl— -1) jjj,, „!(• iJjQ 

vi'Hsel, HO that 

FiO. 12.— Ammgfiment tor ol»«r»inK mugnfUi’ levtaltfin ..f thoV I'OUld Jiot 

/3.ram A inetal tube «b»idi nt mm «iid i? tbs« nniiitiutf 

at the bottom. It in pliwted i>etw«cfi tlm nt aii nii-if |4|lf llblli 

magnet. When the mapietio curmit i» »»fr. ihf? 

ana fall on the elwtnmooiiOj iiriKliteinif lh« iiwal 4s!eehjni^ls?il 1 1. || | 0 |..,l|rir<firifr 

effect. When the cuntsut k on, they nro ihro^irn against liwr> 

<)f the tube, and cannot got out »i;i ii« t4> the u ^ 

W'lm Ht4>p- 


of the tube, and cannot got out m a« to aft«o!t the eiwitr*e»» 


ped. In this experiment it m memmry te have 

some inches’ distance between tlie radio-}M”tiv<j «ub- 
stanco and the eloetroscoixi, ho an to iuive a Hufficient 
stratum of air to absorb the a-rayn, and thus to 
experiment with the ^-rays only 
The magnetic deflection of tlio rajH, as has Ikmmi 
mentioned, was the fimt clue to thiur triici nature. 
For it at once suggested that they were of the saino 
nature as the cathode rays, and quite distinct from 
the RSntgen rays with which they wort) at fimt com- 
pared. The deflection of the )3-rays i« in the same 
direction as that of the cathode rayn. We may lieiti 




there is overwhelming reason to <a>ncludfj that tiie 
d*rays are indeed cathode rays ; that they consist of 


radio-active substance. It was a striking discovery 
that the phenomenon of the catluMlts rays, iKsfore 

* The yrayg do not prodnee any coMoicnoai* effect in tlii« «>*i«rinient. 
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only obtained by the uws of contpliente<i nrtifienni 
appliances — batteruss, iiuluction coils, arui nnsreurial 
air-pumps— -wjis spontaneously Hlu»wn by a cheinicnl 
preparation, and (tviui ])y a piece of stoito (pitch- 
blende), just as it came from the <«irth. Hidtiutific 
investigation often proceeds in the ilirecdion of tsun- 
plicating its applianc(?s. Rut instamajs of tim opjaisitt* 
tendency are not wanting. 

The metluHls of detecting tli<( magnetu^ dt)fl<Kdion 
which %ve have des(;rihed, thougli suflicient tor that 
purpose, are very crude; for tlnsy <Io n<»t admit of mon^ 
than qualitativi! observation. A more refimsl nu'thod 
is the following (tig. Hi). Th<5 radio-active salt is 
pla<;ed in a narrow groovt^ or a small hohs <nit in a 
pitico of nustal. 

Over the groove, 

ami parallel to i 

it at a little dis- i 

tanco, is phuHsi X — i ^ 

a narrow slit, cut / f fe 7 «h y— — 

in a metal plate, i ( 1 

'Hie rays, issuing \ J 

from the radio- \ i M 

ac.tivo salt, pass — I ^ 

through the slit, 

and are thereby Fm. 13, Atmthfir tstf *tip 

... % i *' 4in¥lMi**n in i$i » 

CClIirill'GCI to ill rmmnimt **. Hn tajin $mm lls*? l**ds» e-r b, 

fftll *m #i idiittw Mr m 

llfirrow tilCIIIIIl III*’ l^drp, tl, HP, »4 n Itw I# *«fe 

* Ibi? Is »li4 Mill ftfi 

OTIlin IkJIIIII limy 

bo made to fall on a photographic plate, or tm a 
fluorescent screen, ptu'iKUidicuIar to it, and the impres 
sion will l>o a narrow line. If a magnetic, force* is 
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produced by the original undfflfi-tfd iH-aiu. 
many times broader. 

Wo SiW in the first chaider that the <'at}iiKli 
if produced by a sh^uly and uniform diHrliarge 
not at all spread out Iiy magnetic' defleciicui. 
are all of the samo velcKuty. With the* eath.*d 
of radium it is othci-wise. 'I’heir %'el.rt'ities var 
a wide range, some being much in»»re delleet 


Tuh f># |l»i wf %hm ill »» W'>» 

nwllfliH ii 111 m finttMW r ifi n ? f tl?* mi* 

%tm ulit, h, udilrli mn^nm ttwm I#* .* tmmrn. in 4le» ^ f 

imWi ihw wiittW Ml tm %lm nl *-* I#* n 1^*4. f^*|c# 

In ifc|Jtdl«i lh« |#|^r, ih* #«y» 

reii4i lb*f Ml 

TIhw ^ liwttMi m ft|sw«'irMtii i* iw|«f»wN«l wisf ib# |4«4*, 

magnetic force than others ; this explains the T>r««nl 


If we consider tlio dofltHshsi rays which reach some 
given spot on tho phok^raphie plate, it is iwv ii» 
measure the circle into which they are Is'iit ; f»*r «»* 
know that their path must pass through tlir»<e |s»ii»iH 
— ^the narrow radio-active wnirce, the slit, and tie* 
assigned spot on the phito (fig. Ml. Tlw<s«* thr»^* 
p^itions being known, it k cwy to calculak* tin* 
radius of tho circle which passes through tleuii. 
This is the desired nmult. It is fotmd that tin* 
deflection of tho ^-rays ia law tlimi that of the 
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cathode rays which can practically be produced by 
electric discharge, even in the best vacua in which 
the discharge can be got to pass at all. It is to 
be concluded that the rays emitted by radium move 
more rapidly than these. We shall have more to say 
on the subject later on in this chapter. 

The yS-rays resemble the cathode rays in another 
way. They carry a negative electric charge with 
them. The radio-active substance loses this nega- 
tive charge, and if it is insulated it will become 
positively charged in consequence. On the other 
hand, anything which absorbs the rays necessarily 
receives the negative charge which they carry, and 
becomes negatively electrified. In short, a current 
of negative electricity is constantly flowing sponta- 
neously away from the radium. 

It might seem to be the simplest matter possible 
to detect these effects. But such is not the case. 
The diflSiculties are two. In the first place, the 
current is exceedingly small, so that the amount 
of electricity hurled off by the radium in any 
moderate time is difficult to detect, unless we have 
a relatively considerable quantity of radium to work 
with. In the second place, it wiU be remembered 
that the rays are making the air all round them 
conduct electricity. The result ' is that the charge 
imparted by the rays to anything they fall upon 
is conducted away by the air as fast as it comes ; 
and no charge can accumulate so as to be observed. 
M. and Mme. Curie were the first to succeed in detect- 
ing the charge. The plan used by them was very 
ingenious. They embedded the metal plate on which 
the rays were to play in paraffin wax, which is an 
excellent insulator of electricity ^ This prevented 

^ It is known that parafiBn loses its insulation to some extent while 
under the influence of Beeq^uerel raj’s ; but apparently, to judge by the 
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and ko f>n indofinitoly. 1’ho 
kiavcH tako to diverge arul eolIapHo again oin-i' 
of courHc, on how much 
radium in used. But with 
Hoveral milligrammes of a 
pure ra<lium salt it is easy 
to make an apparatus 
which will go tlirough its 
cycle in the course of a 
minute. Thi.s apparatus 
is probably the nearest ap- 
protich to jKirpetual motion 
that has ever been attain- 
ed. U’ho divergence and 
wllapso of the leaves is 
mmnhuned witlK)ut (jeasing, 
and can only stop when the 
nuliuin loscss its activity. 

How long this may bike, 
we do not very exactly 
know ; but hundreds of 
years at least must elapse 
before the forces wliich — 


that the 
d(i{>(*nds, 
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cause the leaves to move 
have (abased to act. 

Enough electricity has 
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eleetrilication of raiiium 
to oven give an electric 
shock. It hapfamed tlms. 

Herr Born ha<l sealed uji 
some raiiium salt hermeti- 
ailly in a tube of ghws 
which {Kissesmsd g<K)d insulating |k>w«t; the negativt? 
charge was shot out in the fcjrin of 0-my.% while 
the poiiitivo charge remained in the tulKj, in whicli 
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it was retained by the gofal iiiHiiIatioii «>f the KhwH, 
This procoHS went on for nix iiumthH, after whieh 
time, the radium Ix'ing wanted for h<>iw> lairpo.m*, 
the tube was Hcrat<*hed %vith a tile prepanitery tii 
breaking it. Tlie .scrateheij ami weakened «!ass was 
no longer able U> .sustain the eleetrie .strain to which 
it was subjected, and it was perforated by an electric 
spark. At the saim* time a .smart shock was felt, as 
the accumulatod electric charge pa.ssed to earth through 
the experimenter's b«Hly. It may !h« askcl. Is tlfcre 
any limit to the extent to which this si-lf-charging 
of radium might prcH-etii, if enough time were allowed? 
There is, of course, a pnrtical limit in that the insnla- 
tion with which tlie radium is surrounded woiihl 
ncce8.sarily give way in time, and l»e ruptured hy a 
spark, as in the ca«! ilescrilMsl. lint there is another 
limit besides, oven if that otie could be removed, 
for the positive cdectrieity left on tlie radiurn nmst 
hinder tins OHca|K) of more ni^gative elisdricity. It 
drags on the escaping negative partieies ; it attraets 
them back to the ratlium. The partieies are shot out 
so fast that they ean escape without Isdng a{»|»re*uahly 
hindered hy this in any priwdical case. Hut in the 
end, if enough positive electricity had iM’cumuliitixj, it 
could not fail to hold tlie negative |iartt€!ies liiurk, and 
altogether prevent their est!ajs». 



The 
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of rays from radium falls perpendicularly on a photo- 
graphic plate. - A magnetic force is applied at right 
angles to the direction of the rays, and sorts them 
out according to their velocities ; the fastest particles 
are deflected from their path the least, the slowest 
particles are deflected the most. Before the magnetic 
force was applied, the rays all fell on one spot in 
the centre of the plate. How that the magnetic force 
acts, they are spread out so as to fall on a straight 
line. 

Now we apply in addition an electric force, so as 
to deflect the rays, just as the magnetic did, but 
in the perpendicular direction. This too, by itself, 
would spread out the 
rays and cause them 

to intersect the plate ' p 

along a straight line 

at right angles to the w 1 js 

former one. But we 
must remember that 
the magnetic force is 
acting simultaneously, 

though independently. What will happen? Every 
particle which we might think of as moving vertically 
will be deflected to a certain extent, say northwards, 
by the magnetic force ; to a certain extent in the 
perpendicular direction eastwards, by the electrostatic 
force. The result must be that it strikes the plate 
somewhere in the region between the north and east 
lines — somewhere in the right-hand top region of this 
diagram, say at the point P. 

Since particles are present which have continuously 
varying velocity, the impression on the plate will 
be a curve. Each point on this curve will corre- 
spond to some particular velocity. The perpen- 
dicular distance of the point from the NS hne, the 
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distonco wiHtwunjH, that is, s t}i*< *'1* ♦•n- 

deflection. The }M‘r|«‘iifli«'ul.»r fi-au th< E\V' 

Hno meaHurorf the iim^uetie defitiiion jn thi 
waj. 

Thin 18 the priiieijile of the «<xjH risie ni, It j.< 
now time to nay Komefhinw of tie* |.r:(«-te';i| «|« toils. 
The Houms of tlie ravn wiis a hiiwH s|M'«’k of r,viiinn 
bromide, and the raw wi-re ronliie-.l jjjio ;% d.-finit,. 
beam by jawHiim through a rouiid h«*|.- m » 
plate. The ray.s, in passimi froiii lh«< r.iditini to the 
hole, had to {mikh between t%vo jiaralb 1 ijoaol platoH, 
which were kept at a ttceal imtential ditf>a< ne<i% by 
moaim of a sjafcial nrran«ejneijt. into the (hiaib of 
whkdi w'e nwal not eijb*r. After jwiHHinu ihrongh 
the hole, the rays ha«l f«* traverse a fort her inli-rval, 
and then fell on th»' photoojajihie 'rie* whole 

arraiif^eineiit waa eneloseii in yla>»s, an«i ih** air **'*in» 
plotely pumped out. This was in e*«<>!4irv, |»i»rtlv to 
avoid the liitfuHion and absorption of I hi’ rays by sir, 
partly to prevent an eleetrie ili.>*('}iai'ue the 

plateH Used to jiroihtee elect rostatie tlelli-elioii. l*he 
whole arrangement waa iilareil fw iwef-n fh«- i»«4ef. of 
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fessor KaufEtnann used his measurements to obtain 
this information. The results are very interesting 
and important. They ai'e as follows : — 


Velocity, centimetres 
per second. 

Ratio of 
charge to mass. 

2-88 

.63x10^ 

2.72 

.77x10" 

2.59 

.97x10" 

2.48 

1.17x10" 

2-86 

1.31 X 10" 


The velocity of light is 8 x 10’® centimetres per 
second, so that the yS-particles are projected with 
a speed nearly equal to this. 

It is difficult fully to grasp the significance of this 
amazing result. The apparently quiescent little speck 
of white salt is hurling off projectiles with a speed 
something like half a million times the speed of a 
cannon-ball. 

We see that the yS-particles of radium are some ten 
times more rapid than the cathode rays. They move 
much faster than any other natural body that is 
known in the universe. 

It will be noticed that the mass of the /3-particles 
does not seem to remain constant when compared to 
the charge, for the ratio between them varies in Pro- 
fessor Kauffmann’s experiments over a twofold range. 

This is at first sight difficult to understand ; for 
we have seen that the charge of electricity carried by 
the particles of the cathode rays is in all probability 
the same as the charge of a hydrogen atom ; and this 
charge is believed to be fixed and indivisible. We 
might have a charged particle carrying exactly twice 
as much electricity as the hydrogen atom, or exactly 
three times as much. But, unless the clearest proof 
compels it, the existence of intermediate charges 
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cannot be admittctl. Tiun-o in an alternative hdhhi. 
bility, and that Ih that the {)arti<’k*8 have not all the 
same mass— that 8omo have nioro inertia than othem 
If this could bo adinittod, it would exjdain wliy the 
ratio of charge to miew Hhould alti^r. 'i’iie partieh's 
with the highest Kisasl are those which fif the ehargi* 
is always tho same) have also the largest mass. If 
some of tlio partielo.s an- more massive tlmn others, it 
is not apparent, at firnt sight, why tho.si* shot out the 
fastest should he tlie mo,Ht massive. Exactly the c(»n- 
trary might jMirhaps Im exjMS'hai 

Electro-magnetic thtwry iKsuitifulIy i«*cmiiits for 
this. Some attempt must Im* maihi to follow the 
explanation, though in tnuh thi* subject is not well 
suited to an elementary iMxik. 'Hits explanation will 
probably only bo intelligible to thime who liave koiho 
idea of the phenomena of electro-magnetic imluction. 

Consider tho motion of a cdinrged particle. Tliw 
constitutes an electric current, arnl setH up a mag- 
netic force in tho surrounding Hj»a«>e. Now t<ii set up 
a magnetic force rtsquiros tho «*x|ic*mliture of energy. 
Whore did this energy come friun? Evidently from 
tho source which mst the jnuliclo in motion. Ho it 
is more difficult to sot n particle in motion, if the 
particle is eloctrified, than if it is not. lit other 


THE j8-RAYS Oil 

portional to the Hpeed. The energy which it takcH 
to produce the magnetic force is proportional to the 
square of the imignetic force, aiul consequently to 
the square of tin! speed. Jhit the energy of a simple 
constant mass is also proportional to the square of 
the speed. In other words, the <ilectrical injiss 
behaves just like tins ordinary in<!chanical one, and 
does not depend on the speed at all. 

All this is on the assumption that there is nothing 
to take into ac(!ount except the magnetic force pro- 
duced by the motion of the chained particle. 

But there is sometlung else which must bt* tak<!n 
into account. There is an electric force inductid by 
the motion of the lintis of nmgnetic force which hav«* 
been called into being by the motion of tlio charge. 

Now tlie (istaldishment of this electric forcii requir(!H 
energy tw), just as the original rnagnoticj force dot!K. 
This eUictric force dejamds on the strength of tin* 
magnetic force, and on the rate of motion. But th<! 
magnetic force itself depends on the rate of motion : 
so that the strength of the electric force defKinds r)n 
the rate of niotion twice over, or, in other words, 
on the square of the speed of tho particle. 

Now the production of this electric field adds to 
the apparent mass of tho particle just m tho produc- 
tion of tho magnetic field did. But there is this 
im|K)rtant distinction. The added energy of motion, 
which is projwrtional to tho square of tho electric 
force, mu.st Ik? profsirtional to tho fourtli power of the 
siKH)d, instead of lieing proportional to the square of 
it; Hf> tluit the addition of mass duo to the inducetl 
electric forces depends on the speed, and becomes 
greator tho greater the sjseed is. 

To calculate exactly the mass at any given s|»eoil 
is a difficult problem, and there is a want of unanimity 
among the higlusst authorities on the subject. But all 
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cliargos of negative (ilectrieity, without any mut<u-ial 
substratum. It is too wxai to accept this coiuilusion 
without reserve, for tlie assumptions iuvolve<l in th<i 
cailculations are tluhious, and the accuracy attainnhh} 
in the experiments is not Huflicatnit to put the tiie<»ry 
to a very severe test. 

But, when all this has been udmitbsl, the simplicity 
of the conclusion is very attractiv'o, and it has gained 
a great deal of support during the last two years frf)rn 
eux-rent scientific opinion. 

There is one misconception which nmst Ix! cai'efully 
guarded agtiinst. In sfxeaking of the mass of a <diarg<‘,d 
particle, the effects of iiutrtia havx} aloiui htMoi nderrcsd 
to. It is an undeniaible inference fn>m known fafds 
thxit the inertia of a body must bo gri^aha* when it is 
olocti'ified. It nexicssarily bticornes more diin(>.ult to 
set in motion than befoi*e, though, in any castj within 
ordinary experience, tht-ir increase woxxld Ix! too small 
to detect. We could not, for instanci^, givxj Jiny 
electric charge to a i*iHe bullet which woukl make 
its inertia measurjibly gi'xtatttr. But, in tliti ligiit of 
electrical theory, there is no doubt xit all that tixe 
inertia has really Ixeen incrxsxxstjd. 

When wo come to exmsider the umilU ol' the body, 
the force, that is, with which the tuulii attrac/ts it, 
we hjivo no means of judging wiadhiu* (»r not tint 
electrification prtxluces any efft.-ct.' In sdl ordinary 
castjs ineidia and %veight arts ins<5parably asstw^iated. 
But whether tlie inoi-tia of elexdrixaxi origin is xic<!om- 
jxanied by corresponding wxdgiit, we <lo not know at 
all. No experiment has btKtn devised by wlxicli the 
question can Ixo tested. Indeed, jis we do not know 
wliy gmvitation accompanies ordinary inertia, it is not 
sui’prising that we are unable to decide theoretically 

^ The (tlisctrkal atlmciicm on iii-rronniHng of iniiirwi, 

aothiag to cid with iliis. 
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whether it .should acc,omi>any elcsdrioal inertia nr 
not. 

THK a-H A Y.s 

We have seen that the ft-niyn are in nil respt-ets 
similar to the eatho<l<» rays wd in motion hy an cdcetrie 
discharge in a vacnuin tube, 'fhe ^-rays, however, 
though in some rosjKMdH the most eoitspiemtus, are by 
no means the most important feature of ri»di«ej«'tivity. 
By far the greatest part of the ilisehnrgiug power is 
due to the a- rays, and it is now time to iumsider thi'w*. 

The ^rays wore easily shown to Im? dellw'ted by a 
magnetic force. For a long time it was thought that 
the a-rays were not at all affectetl by magnetic fort'o. 
We now know that tlioy too are iMtnt, l«it to a mu«'.h 
less extent, and in the opposite dirrsdioii to the 
^-rays. 

This result is due to the skill and persi-veranpo of 
Professor Rutherford, and it is of faM^Miching im|s»rt- 
anco. We shall now de.st;rils' the iintthwi used by 
him for detecding the dofleetion. The ol*servntion is 
difficult because of the extreme smallness of the 
curvature which can las produce*! even by a very 
strong magnetic force. 

The oxiMsriment is in principle exactly the same ns 
M. Curie’s experiment to show the deflection of tht» 


ease which were not called for in that. 
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Tims they cannot got out of the 
olectroscoi>o is not discharged. 

In tiie case of the a-rays, it is 
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filkid the Hpan'H, j>r;uti<’i»ll> nu niv;-« would |»i*t 
through. Wo oauiioi i-xhauft tin* « ntiro apparalUH, 
for tho prosi'uoo of gas in fhi* oh i*.; 

lUKJOHsary to oiiahh* iIh* rays to dhohargi* ; and \v«> 
cannot c.xhan.Ht thi> .><hls willtoui t>sh.iU'*(i}i« the 
ckictroscojM*, fi»r it would ho impraolioahjo tr» luako an 
air-tight |«irtition thin oiiough to loi ihi’ n-myn got 
through. Tin* ditlicuity wjus got ovor hy filliiig tin* 
apparatUH vvith hydrogon, which is nai«d> |i«hs ojiaijui* 
to tho rays than air. 

The voHHcl with tlu* .**orioH of f*lits was plaooil 
iKitwoon tlus polos id' a largi* and iMiworful idoofro- 
inagmd, so tljai iho litios of niagnotio foroo lay in tho 
samo diroctioii as tin* wrios of {wiralloi hut 

crossed tho path of tho ray.« at right aiigk s. I 'lidor 
th(!HO ciroiunshusooH it was fmmd iliid tho disi’hargt* 
of tho olootrosoojH} wiis aliiiosl stop|ii«d wlaui tho 
nuigiiot was strongly oxoilisl, 'Phi* 
a-rays had Is'on dotlooli«ii. 

Hio ox|a»rimiu»t in this form tlras 
not show in which dirooiion iho didlw* 
« tion takos plaoo--wd}oth«*r it is in tlm 
Kjuiu? ilirr'otion as for tho /J-rays, or in 
tho oji(«»sito. ft W‘as iio«’«*ssary to 
nutdify it in onlor to tost this iiajsir" 
tant js»int. For this pur{aisfi a lilth* 
lisigi* was iniaio t«» nrojisd ovor on** sido 
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and it was found to be opposite to that of the 
cathode rays. 

The argument which showed that the yS-rays were 
negatively charged particles is equally applicable to 
prove that the a-rays are positively charged ones. 

It is found that the a-rays are deflected by an 
electrostatic force, just as the yS-rays are. This 
experiment is even more difficult than the corre- 
sponding magnetic one which we have just described. 
It was carried out by Professor Eutherford in quite a 
similar way. A series of parallel brass plates were 
used, but in this case it was necessary to insulate 
them from one another by holding them at the sides 
with ebonite. The alternate plates were connected 
together, just like the plates of a storage ceU, and an 
electric force was made to act between each plate 
and its neighbour by connecting the two sets of 
plates to the poles of a battery consisting of many 
cells. 

It was a great difficulty in the experiment that only 
a moderate electric force could be applied between the 
plates ; for if more was attempted a luminous electric 
discharge was produced between the plates. This 
limitation made it very difficult to deflect the rays 
completely, but still unmistakable evidence of the 
deflection was obtained. 

By measuring the magnetic and electrostatic forces 
necessary for complete deviation, Professor Euther- 
ford was able to estimate the curvature of the rays 
produced by a given electric or magnetic force, 
though it is not to be expected that a measurement 
of this kind should give results of great precision. 
From these data we can reason exactly as for the 
cathode rays ; and the result is to show that, for the 
a-rays, the ratio of charge to mass, or electro-chemical 
equivalent, is about the same as for an atom of 
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magnetic force. By meaHuriug the distance apai*t of 
the two trajectories, the deflection of the rays could 
bo quantitatively estimated. The result wjis in good 
agi-oement with Professor Euthorford’s estimabs. 

The result to which wo liavo alluded, that the 
electro-chemical equivalent of tho a-particicss is nearly 
the same as for a hydrogen atom, is of very great 
importance. Tho electro-chemical equivalent is, as we 
have seen, the quantity of elocti’icity transported by 
unit mass of tho substance, or, what amounts to tho 
same thing, tho ratio of tho electric charge of oacth 
particle to its mjis.s. 

The fact tliat this quantity is nearly the sjune for an 
a-particle as for an atom is a strong reason for con- 
sideidng tho two to bo of tho same nature. On this 
view tho a-particle would have an atomic charge - 
that charge which is characteristic of a monovalent 
atom and, ecjually, of an electron. Tho mass of an 
a-particlo would also bo atomic in magnitude. It 
becomes a very important matter to decido whether 
tho mass can bo supposed to bo exactly tliat of any 
known atom, or not. 

Hydrogen luis tlio lowest atomic weight of all the 
elements — its atom is tho lightest. The next is 
helium, with an atom four times as heavy, Tlio 
helium atom may bo supposed to bo capable of 
carrying tho same charge of electricity jis tho 
hydrogen atom, though this is a mattor of which wo 
have no direct knowledge. In that case, its electws 
chemical equivalent would be four times greater. 
Actual measurements on tho a-rays point to a nnmbcsr 
about half as largo again m for hydrogen, but they are 
scarcely sufficiently precise to distinguish Ixjtwtien a 
hydrogen atom and an atom of helium. lhajcnt 
accurate experiments by Professor A. B. Mackenzie? are 
regarded by him m inconsistent with either view ; 
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but the inargin (tf jwc.uniey to prove thin is n(4 an 
largo as might la; wished It will he I>est to rese rve 
judgement on this jaunt for tlie ju'esent. 

It will Im; rememlM?r(si that the /3-part ides, or 
corpuscles, of radium wene not all ejected with eipial 
velocity. Some of them iiujved mutdi more rapidly 
than others, an<l the result was that a f>em-il of the 
rays was sj)Iayed out into a fan-shajie by magnet i«‘ 
force. M. ]ie(ajuen*rs pholr>graj>hs do not .show much 
disj)omion of the a-rays. Prof. Kutherford. however, 
has been al)h^ to show that wieh disjM-r.sioij does 
occur. 

Tlusre is great difiicultv in detecting the »’harue 
carried by the a-rays directly ; for these rays npjH-ar 
to be in all cjises aecoinpani<‘d by very slow-moviny; 
negative ray.s, which rmisk their elbets. 'rhesi* 
negative rays do md .seem to be of tlie class as 

the yS-rays, for llney are nnadi .slower. It is true that 
/8-rays vary it» their velmuly : but there ajtpenrs to 
bo a wide? gaj* beiw(!<»ij tlu* .slmvest of ibein «ml tin* 
rays we are now (liseii.ssiuK. 'rhese latter reepdre 
a name, and it is here projiosed t«» c-all them the 
S-rays, 

The charge* (’arried hy the « nivs has heen ohs»:*mw| 
by Prof. Kutherford and I’rof. .1, ,1, 'riuiinsruj. 'rhe 
apparatus employwi is very similar to that shown in 
fig. 21. On tiio Is>ttoin jdnte is sjjread the nidioiu’tive 
material in a very thin layer. The t#»j» {date is wui- 
nected to tlie ehsdrometer, to imUcatc* any charge of 
electricity which it may acijinro. A vi*rv gtssi 
vacuum is then made in the apparatus, but still no 
positive char/^i reachm the plate, lieeause of the 
masking effect <if tho 8-r,tys, as liefore i-s plained. 
Th<»e S-rays can, however, lie eurhd up into small 
circles by the application of a strong magm iie force 
parallel to tho plate, and in this way In* jireveiiti'd 


THE a-EAYS 


79 


from reaching the top one. Thus the a-rays, which 
are practically unaffected by a magnetic force which 
can curl up the 8-rays, are alone able to reach the 
plate. They are then found to impart a positive 
charge to it. 

There are several obscure points about these experi- 
ments, but it is not desirable to discuss them here. 
A radio-active product which gives no y8-rays must be 
employed. It will be seen later how this can be 
obtained. 

If the charge of an a-particle is assumed to have the 
atomic value, we can calculate the number of such 
particles which are required to carry the amount of 
charge observed to flow away from a radio-active 
substance in (say) one second. This number is found 
to be gigantic. Thus, for instance. Prof. Eutherford 
has found that a gramme of radium gives off about 
thirty thousand million a-particles in a second. The 
number of yQ-particles can be found similarly, and is 
about a quarter as many. In making the experiment, 
it is necessary to have the radio-active layer thin 
enough to prevent any notable absorption of a- or 
yS-particles in its substance ; and also to allow for 
those particles (half the total) which are shot into the 
supporting metal plate, instead of escaping from it. 

Sir William Crookes has made a very interesting 
observation on the phosphorescence produced by the 
a-rays. He brought a tiny speck of radium a short 
distance off a zinc sulphide screen, and examined the 
resulting fluorescent light with a magnifying lens. 
He found that the fluorescence did not proceed 
uniformly from all parts of the screen, but that it 
came from isolated points dotted about on the surface. 
These points are constantly shifting about, and their 
appearance is very suggestive of the splashing of rain- 
drops on a pond. This appearance is only conspicuous 
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of HUgJir togothor in tlio durk. M. Bocqiwrol hus I)a(m 
able b) imitate the HpinthariHCope by tlie crushing 
of a crystal of zinc sulphide uuKihanically. When 
the light (‘initted was examined by a lens, th(» chanw* 
teristic scintillating s|X)ts W(u*e observed. He has 
found, monsovor, that the Hcintillations produced by 
radium are more numerous when the zinc sulphule 
screen cousists of small crystsils than when it consists 
of large ones. Tins proves conclusively that the 
impatjt of an a-particle does not necessarily produce 
a scintillation ; and it is favourabhs to the fracture 
theory, for naturally small cryshils would be more 
esisily broken by impju-i than large ones. 

Borne ing(jnions experiments recently published by 
Prof. K. W. Wood, of Johns Hopkins irniv<»rsity) 
have thrown a fresh light on this inatUtr. His 
obsorvations were directcHl to determining how lotjg 
the fljishes last. A wheel was coate<l with zitu', 
sulphide, and caused to rotate rapidly, Mechaniwil 
scintillations could bo produced by friction of a thin 
and floxiblo glass fibre against tlie wheel, or rjuii<»- 
jujtive scintillations by bringittg a sjKJc.k of radiutti 
near it. It was found that in the former raise the 
luminosity is of comparatively long duration, the 
bright spots being apparently drawn out into circles 
by the rotation of the wheel ; while in tlie latter case 
the flashes were over so soon that the whecd luul not 
moved perct'ptibly while they lasted ; thus tiny 
appeared as little luminous specks, as if the wheel 
had been at rest. Tin seems to show that the 
rosemhlanoo between the mechanical and radio-witive 
scintillations pointed out by llocquerol is more 
apparent than real. 

Whatever view bo jidoptod, the spinthariscope 
affords an interesting illustration of the mechanical 
nature of the a-radiation. 

0 
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Lonurd found, as wo havo alroady soon, that <*a!huf!o 
rays produco a bluo hnniiioKity in tin* uas iiir».u«}i 
which tluy' jaiss. This hiinino.Hity is vi>ibto both 
inside the vacuum tula* and outsidi* it, thouyh it is 
much more conspi(’Ui>us insido, in tho notuhbourbood 
of tho euthodo, os{M*ciaIly when tho {trosstno is not 
too low. This luminosity is calh-d iho noyativo ultm% 
and gi\'(!S a sjHJctnnn charactoristic of tho yas in 
question. 

It was noticed in tho «<arly days of tln^ ilisoovorv 
of rudiuiu that radium proparatious wore foi-ldy solf. 
luminous in the dark. It was Koiiorally thoijylij that 
this was due to a slight l!u»iroHc«*ncf! of tho salt undor 
its own rays. With soino! inipuro |»ro|»iiratiojiH this 
is tho princi{»al sonroe c»f luminosity. 

Sir William and I>ialy Huggins, hmvovor, tnaking 
use of their unrivalleil «*,x}HTii*jico in tho photcigraphy 
of feeble spesdra gained in working <»« Iho nohtiliM*, 
wore able to photogra}*h tlio HjHS'tnnn of tlio glow uf 
parts ratlium sjilts, anti tlu*y found it to giv«* the hands 
chanusteristic of nitrugen tnivorsetl by llu* eatlaalu 
rays. 

It was natuml its awsrilgs the luinin«*sity ti» the 
of ;S-rays on atmo»|i!j€sric; nitrogen in thi! |siri»s of the 
radium salt. 

On this view the Imnincwity should extend Hitiiu*- 
wluit beyond tho aetual lasiindary of the mill. It i« 
not fsasy to observe this directly, hut the sjsrrfnim 
photograplw show it by a faint proloijgaijoii of the 
linos. It has also la?o» found that the air paind 
polonium shows foobl© luminosity, whielt can las 
deteetod phot%raphk»lly. .Since {adonium gives only 
o-rayg, thei© must bo able to ppsluee a glow in the 
air round them. Whetlior they prwhico the wl»*d«« 
effect in the case of ngliuni, or whtdln-r the fi-mym 
co-operate, has not boon as^rt«ii»*tl. 
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It would naturally be expected that on placing 
radium in an atmosphere of hydrogen the nitrogen 
glow would promptly disappear, and a glow showing 
the spectrum of hydrogen would come on. Strangely 
enough, however, this is not found to be the case. 
The nitrogen glow takes months to disappear com- 
pletely, and the glow characteristic of hydrogen 
exposed to cathode rays does not take its place. After 
a time, however, a sharp green line appears in the 
spectrum. This line has not been identified as 
forming part of any known spectrum. The luminosity 
due to it disappears in a few hours after taking the 
radium out of hydrogen. In the course of a few 
months the nitrogen glow reasserts itself. 

It is difficult to conjecture any satisfactory explana- 
tion of these phenomena. They can only be described 
as an interesting and stimulating mystery. Progress 
in such experiments is necessarily slow. 

THE y-EAYS OP EADIUM 

It remains to deal with the most penetrating kind 
of rays — those known as the y-rays. Their most 
striking characteristic is the great penetrating power, 
for they are able to make their way through massive 
blocks of iron or lead. I have succeeded in observing 
the y-radiation from 10 milligrammes of radium 
bromide, even through a thickness of 8 cm. (nearly 
three inches) of solid lead, and there would be no 
difficulty in observing their effect through 6 inches of 
iron. In such observations the electrical method is of 
course used, for it is much the most sensitive. 

We have less information about the y-rays of 
radium than about either of the other three varieties. 
The featui’e which distinguishes them from the more 
penetrating kind of yS-rays is the absence of the 
characteristic magnetic deflection. No experiment 
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lias yet succeeded in deflecting them by magnetic 
force ; nor is there any valid evidence that they carry 
an electric charge. 

Uranium and thorium as well as radium emit y-rays. 
Polonium, however, does not do so. In fact, the 
substances which emit ;S-rays all emit y-rays ; and 
y-rays are never, so far as we know, unaccompanied 
by )S-rays. We shall see in a later chapter that radio- 
active products have been obtained from thorium., 
radium, and uranium, whose activity diminishes with 
time. In such cases the y-i-adiation only appears in 
conjunction with the /8-radiation, and always bears 
a fixed proportion to it. The view which is now 
accepted is that which considers the y-rays to be 
Kdntgen rays, generated by the /8-rays in striking the 
radium itself, or the absorbent screen, if such be used. 
We have seen that the /8-rays are identical with 
cathode rays, and cathode rays, when they strike a 
sohd obstacle, generate Edntgen rays, which are far 
more able to penetrate matter than the cathode rays 
themselvesi Thus the relation between the /8-rays 
and y-rays seems to be closely analogous to the relation 
between the cathode rays in a vacuum tube, and the 
Kdntgen rays which they produce, when they strike a 
solid obstacle. The invariable appearance of the two 
kinds of rays in company is very well accounted for 
by this theory. Moreover, the y-rays resemble 
ROntgen rays in their complete indifference to 
magnetic force. 

Actinium emits slower /8-rays than other radio- 
active substances. The y-rays from this material are 
also less penetrating than in other cases. This is in 
agreement with the view of the y-rays already 
explained. The slower cathode rays are found to 
produce Edntgen rays of low penetrating power. 

Let us now sum up our conclusions with regard to 
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the three kinds of rays emitted by radium. Fig. 20, 
due to Mme. Curie, exhibits diagi-ammatically the 
behaviour of the three kinds of rays in a magnetic, 
field. Thea-rays, 
giving rise to by 
far the greater 
part of the elec- 
trical effect, are 
sHghtly deflect- 
ed by a trans- 
verse magnetic 
force, in that 
direction which 
corresponds to 
an emission 
of positively r--" ' 

ch^/rffod UlclSSCS. 20.--Diagrain illustrative of the behaviour of tlie tbrtxi 

“ varieties of Becquorel rays in a field of magnetic force. The 

IVfpil «3nrAm ATI f.Q ‘‘-rays are l>ent very slightly In one direction; the S-rays are 
X iCJcio ux c!xxic/xx I/O bent very much in the oi)p<Jsito direction ; while the y-rays are 

of the ratio of 

charge to mass suggest that they are comparable in 
mass to hydrogen or helium atoms, and carry the 
same charge. 

The )8-rays, which are principally instrumental in 
producing the photographic effect, are deflected in 
the opposite direction to the a-rays, and consist of 
negatively charged corpuscles of much less than 
atomic dimensions. 

The y-rays, not deflected at all by magnetic force, 
are probably Rbntgen rays, produced by the cathodic 
yS-rays. 
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ABSOEPTIOX AND IONISATION 

We have often alluded to the property wh 
Becquerel rays possess of causing the dischs 
electrified bodies. This property was one of t 
to be discovered, and it gives the most ge 
useful method of detecting the presence of th 
and measuring their comparative strength. It 
time to consider this important subject in dotai 

In experiments on the electrical conduction 
various conditions, a simple gold-leaf electi 
which wo have hitherto supposed to bo u; 
scarcely available, and it is necessary to make 
a quadrant electrometer. It is desirable th 
reader should make himself acquainted wil 
principle of that instrument, for the greater j 
the experiments on radio-activity have invoh 
use. A description of it will be found in elem 
works on olectiicity. It must suffice hero t< 
that it enables us to measure small quantil 
electricity. When the instnmient is sot up in 
ing order, and a charge of electricity imparted 
the needle is deflected, to an extent proportio 
the potential or electric pressure which rosul 
potential of one volt, which is about what can 
ifrom some forms of battery cell, will often sui 
give a deflection of one hundred scale divisions 
electrometer, though improved electrometer 
recently been devised which will give, much 
The quantity of electricity which is required to i 
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the needle to one volt is very small. Accordingly a very 
small current of electricity flowing to the electrometer 
will cause its deflection to increase ; the rate at which 
the electrometer needle is moving serves to measure 
the current which is flowing to it. It is found in 
practice that very much smaller currents can be 
detected and measured in this way than by the 
galvanometer ; though, when the current is large 
enough, the latter instrument is more convenient. 


lb E lectrometer 



To TUgTv pox 
end/ of Battery. 

Fig. 21. — Parallel plate arrangement for investigating electrical conduction 
under Becquerel rays. The bottom plate, a, on which the radio-active sub- 
stance is spread, is kept at any desired high potential. The upper plate, 6, is 
movable, and parallel to the first. The distance can be altered and measured 
by the micrometer screw. A stufiSng-box provides for air-tightness. The top 
cover of the glass jar is of ebonite to provide for insulation. 

A convenient piece of apparatus for experimenting 
on the electrical elfect is illustrated in the figure 
(fig. 21). Two parallel metal plates are used. The 
radio-active substance is placed on the bottom plate, 
spread into a uniform layer. This bottom plate can 
be charged to any desired potential or electric 
pressure by means of a battery. The plate above is 
connected to the electrometer, and is initially un- 
charged. Means are provided for moving it to or 
from the bottom plate. The whole arrangement is 
enclosed air-tight in a glass jar. 




^ It will be remembered that tbe radio-active siibstanee ii conifetttlf 
firing off negatively charged corpuscles ; these are no doubt cmwjmg 
negative electricity to the upper plate. But under ordinary conditions 
their effect would be too small to be noticeable with this appinatui. 


The first experiment with the apparatus would be 
this. Eaise the lower plate to a high potential, say 
100 volts. Having discharged the electrometer, by 
connecting it to the earth by a wire, let the corr- 
nexion be removed. The electromebu- will now 
receive a charge, and its deflection will increase 
rapidly; for electricity is leaking, under tlio influonco 
of the radio-active substance, from the highly charged 
lower plate to the upper one, which is connected to 
the electrometer, and which was initially uncharged. 
The upper plate thus receives a charge, ami tlie 
electrometer indicates it. It makes no dilfcreiico 
whether the bottom plate was charged po.si lively 
or negatively. A positive charge cun leak jwu'oss the 
space between the plates just as well as a lusgativo 
one. Now let the air be exhausted from the Indl-jar 
by means of a good air-pump. Wo shall lind tluit 
the electrical leakage has disappeared. No chargo 
now reaches the upper plate.* 

It is evident, therefore, that the tnio int<;rpretation 
of the electrical leakage effect is that the Hec(|uerel 
rays are able to make the air through which they pass 
a conductor of electricity; in the absence of air no 
leakage takes place. 

Let us now suppose the air readmitted to th© 
vessel, in order to investigate the leakage effe<;t in 
another way. The question to be tested is this. 
What is the relation between the current of elec- 
tricity flowing between the plates and the electric 
pressure which causes it to flow? In teclinkml 
language. What is the relation between the current 
and the electro-motive force? 
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In the most familiar case of electrical conduction- 
conduction of electricity along a metal wire — the 
rel9,tion between current and electi-o-motive force is 
the simplest that can be imagined. For the current 
along a wire is simply in proportion to the electric 
pressure which is applied to its ends. If the electric 
pressure is doubled, the current is doubled also. If 
the electric pressure is increased a thousand times, 
the same is true of the current ; that is, provided 
that the wire is not allowed to get hot — a condition 
which prevents our testing the law beyond a certain 
point. But so far as the wire can be kept at a con- 
stant temperature, this law, which is known as Ohm’s 
law, is rigorously and exactly true. 

The question then is. Does air made conducting 
by Becquerel rays behave like the metal wire ? Both 
of them are conductive of electricity. May not both 
behave alike ? 

It is a question for experiment, and the answer 
which experiment gives is that they do not. 

We can vary the potential or electric pressure of 
the lower plate by connecting it to the high potential 
end of an electric battery. The number of cells in- 
cluded in the battery can be varied at pleasure. Each 
successive cell increases the potential by a definite 
amount, according to the construction of the cell. If 
we try one cell, and measure the leakage current, we 
shall get a certain value for it. If we use two cells, 
we shah, get nearly twice as much, and, perhaps, with 
three, not far from three times as much as with one. 
But this state of things will not continue much 
further. It will soon be found that the addition of 
battery ceUs does not increase the current so much as 
at first; and when a certain number of cells has 
been added, the current will have reached a limit. 
A further addition of ceUs will not increase it at all, 


90 THE BECQUEREL RAYS 

or, at least, not to any measurable extent. Tho 
greatest current which can be got through tho air 
is caEed the saturation current. 

The number of cells required to produce satui’ation 
of the current depends on the conditions of tho 
experiment — the distance between the plates, and 
still more the strength of the Becquerel rays. But 
to give some idea, we may say that, with uranium, 
nitrate, and with the plates an inch apart, 100 
volts difference of electric pressure between tho platea 
would be amply sufficient. This is a very ordinary 
value for the electric pressure used in domestic electric 
lighting. 

A theory has been developed which gives a very 
satisfactory explanation of the existence of tho 
saturation current. Before examining tho experi- 
mental facts further, it will be well to give an account 
of this theory. For we shall then be able to see their 
true bearing, instead of having to content ourselves 
with recording them empirically. 

It has now for many years been recognized that 
when a current of electricity passes through a liquid 
such as dilute sulphuric acid or salt and water, tho 
process consists in the motion of positively charged 
particles up to the negative electrode, and negatively 
charged ones up to the positive, under the influence 
of electric attraction. The particles are called ions ; 
and there is every reason to believe that such a solu- 
tion partially decomposes of its own accord into ions, 
so that they are ready, when an electric force is 
applied, to move up to the electrodes, thus conveying 
a current through the hquid. 

With air in its ordinary state it is otherwise, for 
under such circumstances it contains no ions, or 
praetjcally none, and cannot convey an electric 
current But the Becquerel rays are able to decom- 
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pose it into ions. Each atom of the a-rays, or each 
corpuscle of the ;8-rays, sooner or later strikes one of 
the molecules of the air. The molecule is shattered 
by the blow, and it breaks up into two ions, one 
possessing a charge of positive electricity, the other 
an equal charge of negative. When these ions were 
Joined to form a molecule, their charges served to 
hold them together ; and the charges neutralized one 
another so far as any external matter was concerned. 
For the molecule contained as much positive elec- 
tricity as negative, and so, taken altogether, it was 
free from electrification, and would not move under 
the influence of electric force. But now that the 
ions constituting the molecule have been separated, 
they are attracted by the electrodes, and move up to 
them. It must be noticed, however, that the positive 
ions are also attracted by the negative ones, and if 
there are plenty of both in the gas, pairs of them are 
sure to come into contact, and unite again to form 
neutral molecules. If no external electric force is 
acting, all the ions will do this sooner or later, and 
the state of things will then be the same as at first, 
if the radio-active substance is taken away. Of 
course, if it remains, more ions are constantly brought 
into being, and these again recombine. The forma- 
tion of ions in a gas is called the ionisation of the 
gas. Thus in air exposed to the Becquerel rays there 
is a constant ionisation in progress. As the number 
of ions increases, the chance of a positive ion meeting 
a negative one, and pairing with it, of course becomes 
greater; so that the rate of recombination becomes 
greater. At last the rate at which the ' ions recom- 
bine becomes equal to the rate at which they are 
produced, so that the supply reaches a stationaiy value. 
This is practically attained in a fraction of a minute 
after the rays begin acting. 
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Lot us now consider what hupixius when an eloetrie 
force acts on the ions. Tlujy move surross to the 
electrodes, and are thus removed from the sphere of 
action. If tliey move v<‘ry slowly, most of them will 
meet with partruirs on the way, and will Ih! no longer 
ctfoctive as carriers of electricity, A hsw of tint ions, 
however, ai’O able to get ain’OHs willujut recombining. 
Those few are the carritTs of tht! (airnnit, wiiicli is 
accordingly small. Now let double the electric, force 
bo applied. I'ho ions will move twice as fast as 
before.’ 

Accordingly they will have only half tiu* chance of 
meeting partners bcd'ore they get across, and cons<‘- 
quently nearly twice as many will get acums iincom- 
bined. But this will (continue true only for small 
electric forces, bo<;aUKe when large ft»n'es are applie<l 
and the ions move fast, a large ju'oportion of tlio totjil 
number will get across imcombiaed ; ami then it is 
evident that d(»uhling the eUndric force cannot douhh* 
the nuinhor of ions that get across imcoml>ined, for 
there are not enough ions altogether to allow of that. 

The most that can Iks dom? is h» apply an electric, 
force large enough to snatch practically all the ions 
away as soon as they are formtsl, giving tliem no tiuu* 
to recombine, la that «iae, all the ions are utilizcsl 
in conveying the current, and tlie current is as large 
jis it can Iks. Nothing is gairnsl J>y snatcdiing the 
ions away faster still by a larger electric, force. Bo 
the current has reached a limit ijulojasiident of tin; 
electric force. All this, it will to observed, is in 
exact agreement with wliat was found ex|KsrimeiitaUy 
to occur. 

If a saturating olectrrwnotive force ho used, it is 
found that the current tot ween the two plates f»f our 

• ft will be understood iJtoit the velocity it *t«ady, and dot** not 
inoreaae, owing to the rediUnce of the air. 
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apparatus increases instead of diminishing when the J 

plates are put further apart. This seems a very ! i.\ 

strange result when we compare it with what happens ; ;| i 

when electricity is flowing through a metal ; for the | i 

less distance the current has to flow through a metal ' |ij 

the larger the current will be. I 

But the theory of ionisation affords a ready ex- 1 

planation. For the further separated the plates are, 
the more ions are formed in the air between them, 
and, as the saturation current uses up all the ions, [ 

this current is naturally increased. 

The a-rays are readily absorbed by air ; so that if 
the distance between the plates is considerable, those 
rays which reach the air near the top plate will be 
much weakened by absorption, and the air there will 
not be nearly so strongly ionised as the air near the 
radio-active substance. 

Now in most cases the ionisation due to a-rays 
greatly exceeds that due to the other varieties, so that 
if the plates are separated so far that the a-rays do 
not extend to the top plate appreciably, we shall not 
get many more, ions produced between the plates by 
separating them still further. This anticipation, again, 
is confirmed by experiment ; for it is found that the 
saturation current does not increase beyond a certain 
point when the plates are widely separated. 

It is interesting to inquire what happens when the 
air pressure is altered. Let us suppose the plates well 
separated — say two inches. When there is no air, 
no ions can be produced, and there will be no curi-ent. 

If now the air be admitted to a very feeble pressure, 
say floth part of the atmosphere, the a-particles will 
have very few chances of meeting molecules of the 
gas, so as to ionise them. But some collisions do 
occur, and accordingly a few ions are produced, and 
a feeble current will pass. The number of colhsions 
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is not, however, Huflieieiit in inijn-de the a-jwirtj<’les 
to any sorious extent. 

If the air ])reHsun( Iks niiwle twice as «real, m-ariy 
twice UH many ioniHing e(»llisionH wil! ma’iir, lait net 
quite twice as many, tor thc^ juirtieles, all<‘r |>aHsing 
through the first half of the gas, are jhav nmving a 
little more slowly, and art* to some esti-nt like a s}>i'iil 
bullet. Thus tiny will not l>o so well able to huhse 
a moleculis, if they do not hit it fairly, or, j«Thaj*s. a 
few of them will have Is'en Htojqwd altogether, and 
will therefore no longer he able to ps-mhiee ions at all 
So that, with tlu; dotil»h*d air pri-ssiire. we enrmof 
expect the current to la* <jnit<> double ; hut it will not 
be much less. This |KMnt, like a very similar on«* we 
had to deal with in considering the ris'iiinhinntion 
of ions, may !«* a little diflieult to follow at first ; hut 
with consideration it will Iwemue i juite dear. 

The ionisation, and consiajm'iitly the current, intisl 
then bo {>ro|K)rti*>na! to the prewure when the 
pressure is small, Ctinsitler now the rme thi> 

pressure is h«) largo tliat tlie rays are iiltogether 
absorlKsd in the sjmico lit'tween the |»lat«‘S. It will lw< 
evident that in this case all tlio a-jwirtieles iirii used 
up in making ions ; and no more ions can, uiidi»r any 
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bo aceouiitiid for by the the<)i-y that iiujuud of the 
projected partichsH ou the moloculoH of air break tlu'ui 
up into charged ions. For every iou carrying a 
positive charg<^, auotlier is binned carrying a negative 
one. Convection of the electric charge under the 
iidiuence of tljo ele<dro-motive force constitutes the 
observed electric ciu'njnt. I’he ions whtsn left to 
themsehais rticondiiiu! to form neutral molecules. 

This tlioory atjcouids for the following facts. Tins 
current is proportional to the electro-motive f(irc<i 
when tlu! electromotive force is small. When the 
electro-motive force is large, the current reacluss a 
maximum, or is sukl to be .saturated. The saturation 
current increa.ses with the dislanct! liotwtMin tint 
electrodes. When the distance l)etw<;en the elec- 
trodes is fixed, tlxo satunition current is, for small 
air pressui-es, proportional to the [iressurti. l*’or large 
air |>reasures, it reaches a maximum, independent of 
further incrojiso in the pressure. 

Many experiments have been made on tho pro- 
jKjrties of the ions. Wo cannot enter into th<^ 
details of these, but the main coxiclusions must be. 
indicated. 

The charge on the ions luis l>een determined by 
tlxo same methcMl tluit was found effective for the 
«;orpnscleH emitted by metals nndor the influence exf 
ultra-violet light.' The rcssult is to show that they 
too carry the .same charge as tho hydrogerx atom in 
the tih'ctrolyMis of litpiitis. It might perhaps he at 
fii'st concluded that the ions wore identical with the 
cath<xli<5 tjorpUHcies. This view, howevtjr, cxitmot b<x 
rmrc'servx'dly jxcexpted. For tho vchKxity of tho ions 
imxving through air under tux eloctro-ixxotive force is 
very small. They do not move more thxm jxlKmt 
one centimetre jM-r second, if the jxotexitial gradient 

' Chap. 1 . p. 14. 
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is one Yolt per centimetre. This has been, ascer- 
tained by making them move against an air blast, 
and adjusting the blast so that they just could not 
make headway against it, and convey an electric 
current in the opposite direction, or by equivalent 
methods. Now this velocity is much smaller than 
the velocity which an atom would acquire if pulled 
through air under an equal force. We must con- 
clude that the ion, so far from being smaller than 
an atom, is much larger. The most probable view is 
that the negative ion consists of a corpuscle which 
has attracted to itseH a number of other uncharged 
atoms ; these impede its motion. The positive ion 
consists of a positively charged atom, also with 
attendant uncharged atoms. 

The rate of recombination of the ions has been 
studied by blowing the ionised air away from the 
radio-active substance at a known velocity, and 
determining the amount of conductivity at different 
distances along the tube. Eecombination is in most 
ordinary cases practically complete after two seconds. 
For it is found that two seconds after the air has left 
the radio-active substance, its conducting power has 
practically vanished. 

Hitherto we have alone considered the ionisation 
of air by the rays. Some attention must now be 
devoted to other gases. 

The general phenomena are in all respects similar 
to those already described for air. The point which 
requires special consideration is the comparison 
between the amount of ionisation in air and in other 
gases. We wish to compare the gases when they are 
under the influence of rays of the same strength 
throughout. To secure this, it is necessary that the 
absorption of the rays by the layer of gas used shall 
be small ; for otherwise the first layers of the gas 
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will screen the further layers from the radiation to 
an unknown extent. This would prevent accurate 
comparisons being made. 

To secure practical uniformity of the rays throughout 
the gas, it is necessiiry to select a pressure within that 
range for which tlie ionisatioir is proportional to the pres- 
sure. Othorwist; tl Hi conditions of the experimojit become 
very complicated, and the results difficult to interpret. 

For the a-rays it is neceasary to select some quite 
low pressure, say .’^uth of the atmospheric pressure, 
for the experiment. The apparatus with parallel 
plates already described is very suitable for the 
purpose. It should be set with the plates, say, 
f-inch apart. Polonium may bo conveniently em- 
ployed as the ra<lio-activo substance, since it gives 
a-rays only. Various gases, hydrogen, carl>onic acid, 
etc., are introduced into tlie ghiss jar, from which 
the air has boon previously removed by an air-pump. 
Each gas is in turn admitted to the apparatus, to a 
pressure of ^otii of an atmosphere, and the saturation 
current measured. Atmospheric air .serves as a con- 
venient standard with which to compare the otluir 
gases. The radio-active substance must not bo dis- 
turbed throughout the series of oxporimentH, or they 
will no longer bo strictly comparable with eac.h other. 

In experimenting with /S- and y-rays, it is not 
necessary to work at reduced pressure ; for these rays 
are not much absorbed by a reastjnable thickness of 
gas. In these cases it is more convenient to modify 
the apparatus. Tlio bottom plate should be mmio 
thin, and the radio-active sub-stanco placed on a flat 
dish, which is placed underneath the apparatus, 
outside it. The rays then penetrate the bottom 
plate and act on the gas between the plates. In 
examining the y-rays, a thick slab of load must 
interposed between the radium and the bottom plate. 

u 
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Exparimonts niiulc on tho linoH jlfHcriliotl havo 
shown that all tliroo kinrls *»f rays givf iM'arly the 
same results; for it is fonml that the ionisation of a 
gas is in otu^h aise nearly j»rf»jH>rti»*«aI to its donsity. 
Sulphurous a(;id, for instanre. wliirh is rathor iij»»ro 
than twice as heavy .•»« air. is also rather niori! than 
twice as much ionised, other tilings 1«*ing ('<|U{il. 

The law is only roughly trsa*; the nntst notahle 
exception is hydn^en. 'I’hiH gas is nioro tlmn twice 
as mucli ionised I*y all tin* varietii's of rays as it 
ought to 1 k% if the relation Iwtwisui ionisation and 
density wore exact There are other t-xcejitions, but 
thaj© are comparatively nnimportant. I’hc* fB- and 
y-rays seem to give i-xactly the Haine results, as 
nearly as the ©xisirimonts can slanv, 'I’he a*rays 
give slightly, but still distinctly, different vahiea 
The general relation iMstwei n ioniHiiti»*ii and rinnsity 
holds gocHl for all the varieties of rays ; hut the 
exceptions to it are not always the wanii». 
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M. Curie has experimented on the ionisation of such 
liquids by the rays. He was able to detect conduc- 
tivity. The way he carried out the experiments was 
practically equivalent to what has been described for 
gases, but the space between the electrodes was filled 
with a liquid instead of a gas. 

The relation between current and electro-motive 
force was investigated, just as for gases. It was not 
found practicable to apply a large enough electro- 
motive force to produce saturation, though some signs 
were observed that saturation was being approached. 

There is no reason to be surprised that saturation 
is difficult to attain in a liquid ; for it is natural that 
the ions should encounter great resistance in pene- 
trating so dense a medium. They will therefore 
move very slowly under the electro-motive force, and 
a very large electro-motive force will be necessary to 
draw them away so quickly that none of them have 
time to recombine. In other words, a very large 
electro-motive force will be necessary to produce 
saturation. 

With regard to the ionisation of solids, our informa- 
tion is scanty. M. Becquerel found that paraffin wax 
conducted to some slight extent under the influence 
of the rays. This conduction persisted for a long 
time after the radio-active substance had been re- 
moved. The paraffin only slowly recovered its usual 
insulating properties. 

Probably some kinds of glass also conduct to a 
certain extent. Radium may often be kept for 
months sealed up hermetically in a glass tube. Now 
negative corpuscles are constantly being shot through 
the glass. If the positive charge which remains on 
the radium were not able to escape by conduction, 
it scarcely seems possible that the glass could ever 
stand the electric stress for more than a few hours 
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without being piereed. Punctun' doi-s .'^onietinuts 
occur. 

It m not difhcult to undfi-Htand litnt in a Hwlid 
Hubatanco the iona prociueed !»y the niya may not 
b (5 free to move* exet'pt with gn*iit di!li«'»d!y under 
electro-motive force. If tliia ia the caai«, the current 
cannot be conveyed, nml we eannot mi>aa«re the 
amount of ioniaation produced. 

Conduction of electricity by metala ia now generally 
regarded m <hK' to a proceaa iuialogoua ti» the nwtion 
of iona in an electrolyte, or in an iojiised gJia. If thia 
is really so, some kind of iona jinwt exist in a metal 
whi(?h are fit*e to move through the metal. It is 
hardly |M»HsihIe that the.ats ions Hhould he of the aanie 
kind jw the ions prmlncetl l>y Ilecquend raya in gaaes ; 
for the latter are, «.h we have seen, large coiii{»ari?d 
with molecules, and cannot 1 m» supjM*ae(l to mm'ts 
through a solid. Htill, it is comadvalde that the rny.H 
produce some extra coiulucti«iii in metals, 'rhere 
would, however, ht? no chimce of ihftisding it, in 
presence of the enormou.s wanhadion nlreatly present. 

It is now time to consider more in «leliiil the Hiihject 
of absorption of tiu? niyw. 

Wo have alrcjady seen tliat the thns* varieties of 
rays omitted hy radium can Is* ai'piinited by means of 
solid scroims. Very thin «crm«s allow all thrts* kinds 
of rays to pass. ScttHUis of nnsli«rat«8 thickness 8ii|i- 
pr^ the a-rays, leaving jS* and yrays. Vcsiy* thick 
screens transmit only y-rays. 

The property c»f al}sor{>tion is not confined to solid 
media, but o<30ur» also in liquid and gtmmm ones. It 
appeara to bo very little eonnected with tho iiaturo or 
state of aggit^tion of the alisorlitmt matter, hut is 
chiefly coiiditioniKl by tho mass of inaterinl traversed. 
Since the various kinds of my» all ioiiii»ti«ii 

in gases, and since some of tho energy of the rays 
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must ne(‘t!.Hsurily bo oxpenclod in doing tins, it is 
ovidont that tluu’o must bo an intimate connexion 
between absorption and ionisation. It was formerly 
thought that thtire was complete correlation between 
the two phcnonuma ; but recent investigations have 
shown that, at any rate in the case of a-rays, this 
is not HO, and that the ionisation produced by these 
rays is not comjjh'tely dctenninate when the amount 
of abH(;rption is known. 

We shall now {umsider some important experiments 
made by Bragg an<l Klce- 

man on tlio alworption of B rr - tt 

a-rays. ^ 

The object of these ox- 

perirncntH is to trace the ] B 

’■ ...... 

amount of ionisation m air Ifi 

at various distanced from 

the surface of a small 

radio-active stnina^. The 


at various distanciw from 
the surface of a small 
radio-active stnina^. The 
arrangement employed is 
indicated tiiagrammatically 
in fig. 22. 






iwimm umgrmuumumuij 

Thff raiyiwwttivfi wtifmiwi H in of 

• A narrow rntm of Ifc in 

by lli*» f*. Thii ttotifi fftllw iwg* 

I he radio-active surtace, .m the 


f’oiwiiiititig of tt ttttrrow- IwtwwMt two 

of small area, is placerl “tSl 

horiz<inhi!iy. A metal dia- *" 

phragm ovisr it confines the 

rays employed in the ox|>oriment to a narrow cone, 
Tlie amount of ionisation produced at any cross- 
sftctimi of this a>no can be measured between two 
large fiat mtftal electrodes close togotlior, the lower of 
which i.H made of wire gauze, to lot the rays through. 
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rays increases. It ceases at a distance of about 
3 inches from the radium. The existence of a definite 
range for the particles is a very remarkable and 
interesting fact. It must mean that when their 
velocity has been reduced below a certain critical 
amount, a-particles are no longer able to ionise. It 
has been found that they also lose at the same time 
their power of causing fluorescence and photographic 
action. When a fluorescent screen is withdrawn from 
a radio-active substance emitting only a-rays, it is 
found to lose its luminosity, not by imperceptible 
degrees, but abruptly, at the same definite distance at 
which ionisation ceases. This observation strongly 
suggests that fluorescence and photographic action 
produced by a-rays are in some way the indirect 
results of ionisation m the fluorescent substance or in 
the photographic film. 

When thin solid screens are interposed in the path 
of the a-rays, their range is diminished, by an amount 
proportional to the thickness of the screen, and 
dependent also on the atomic weight of the material 
of which the screen is made. Heavy atoms have the 
most stopping power. 

It is, of course, important to know how much of 
the original velocity of the a-rays remains at the point 
where they cease to ionise and to produce photo- 
graphic effects. Experiments have been made by 
Prof. Rutherford to determine this. He measured 
the magnetic deflection of the rays after they had 
passed through successive sheets of aluminium foil* 
As we saw in the first chapter, the magnetic deflection 
is dependent on the velocity. Thus by comparing 
the magnetic deflections the comparative velocities 
could be computed. 

It was found that each added layer of aluminium 
foil diminished the velocity of the a-rays, but that 
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when enough had been added to diminish their 
velocity to about | of its initial value, no further 
photographic effect could be obtained. 

This result is very strange and unexpected. One 
might naturally have supposed that the a-rays would 
have spent nearly all their velocity before losing their 
power of producing the characteristic phenomena ; 
but this does not turn out to be the case. The rays 
go on with most of their velocity, but no longer do 
anything to make their presence apparent. 

It cannot be doubted that the rays still possess the 
power of generating heat in a solid obstacle by their 
passage through it ; probably, too, they still carry 
their charge of positive electricity. Unfortunately, 
great practical difficulties stand in the way of follow- 
ing their further progress by either of these methods. 
It has been remarked by Prof. Eutherford that a-par- 
ticles omitted with a velocity slightly less than those 
which we know of could not produce the character- 
istic effects, and would not therefore have been recog- 
nised to exist. It is possible that some substances 
not known to be active may be emitting such rays. 

The absorption of ;S-rays may next be considered. 

We have already seen that a pencil of /3-rays from 
radium is spread out into a variety of different kinds 
by magnetic force, and that these varieties correspond 
to different corpuscular velocities. The rays least bent 
by the magnet are constituted by the faster moving 
corpuscles ; the more deviable rays by the slower 
ones. Since the jS-rays of radium are so complex, we 
cannot expect that the absorption phenomena should 
be simple. Experiment shows that they are not so, 
for it is found that after each successive absorption 
the residual rays are more penetrating (on the whole) 
than before. 

For instance, in an experiment of Mme. Curie, the 
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yS-rays were absorbed by successive thicknesses of 
lead, each equal to -ISS mm. It was found that the 
first sheet suppressed 60 per cent, of the radiation 
falling on it. The succeeding ones each suppressed 
a smaller percentage of what remained, until the ninth 
sheet suppressed only 8 per cent, of the radiation 
which had penetrated the first eight. 

A probable explanation seems to be this : — The 
yS-rays are of various velocities. The faster moving 
corpuscles are able to penetrate, further through matter 
than the others before they are stopped. Thus, after 
penetrating a sheet of metal, the percentage of fast 
moving corpuscles is increased. 

An experiment by M. Becquerel shows in a very 
direct and satisfactory manner that the faster moving 
corpuscles are indeed those which have the greatest 
penetrating power. It was explained in a former 
chapter how the rays could be sorted out by magnetic 
deflection, the fastest moving corpuscles being the least 
deflected. Becquerel received the magnetic spectrum 
on a photographic plate, arranging strips of various 
absorbent materials on the plate, so that the spectrum 
fell perpendicularly upon them. On development, it 
was found that the intensity of the spectrum was 
always more diminished by absorption at that end 
which corresponded to a large deflection, or small 
corpuscular velocity. Practically, it was found that 
rays of less than a certain critical velocity were almost 
completely absorbed by each screen. The limiting 
velocity in question was of course lower for thin 
screens than for thick ones, and also lower for screens 
of dense material than for screens of light material. 

Since there is a fairly well defined minimum velocity 
for penetration of a screen, the penetrating power of 
a corpuscle must increase very rapidly with increas- 
ing velocity. Exact measurements of penetrating 
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power in different regionH of the inagnetio «iHK:trmn 
would bo of great value. It is not dolinitely known 
whether ^-rays would, after travorning a greait thick- 
ness of material, suddenly lose their ionising iMtwer, 
as a-rays have been found to do. It is certain, how- 
ever, that, if a critical vehajity exists, iHdovv which 
ionisation suddenly sto|)s, that velocity must Iks vt;ry 
small indeed compared with the initial vtd(H:ity. 
a-rays, it will Ik) reniemljored, lose tiusir ionising 
power when the vel<x;ity has been but slightly 
reduced. 

By covering a radium salt with a sufficient thick- 
ness of metal, the )8-rays can ho suppressed altogether. 
The y-rays then alone remain ; but it is found that a 
very considerable thickness even of lead is ru|uired. 
Some of the corpuscles are able to iMsnetratis a sheet of 
load -^oth of an inch in thickness. This is very re- 
markable. Wo saw that the cjithocle rays were able 
to penetrate very thin metal foil. The ftict that they 
could do so was at one time regarded as a fatal 
objection to the view that they were of a corptimujlar 
nature. Conclusive proof has, however, sima} laasn 
forthcoming that they are so, and the same applies to 
the jS-rays of radium. There are considerations whicli 
may help to explain the difficulty. 

We must remember that Kauffmanu’s exjMsriinents 
showed that some of the ^-particles wore moving with 
a velocity very little inferior to that of light. Now, as 
we have seen, a charged corpuscle mewing with suedi 
a speed will have a momentum out of all projwrtion 
to what it would have according to tho laws of 
ordinary mechanics, if the same laws held gmai for 
speeds like this that hold good for any s|)cje<l of whkdi 
we have experience in tho ordinary way. The addi- 
tional inertia, there is reason to believe, would ks-nmo 
infinite if the speed of light was actually attained ; 
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nothing could stop the corpuscle under such con- 
ditions. It will he understood, therefore, that the 
great penetrating power is quite consistent with the 
known speed of the corpuscles, slightly inferior to 
that of light. 

Further consideration of how to explain the pene- 
tration of solids by the rays must be deferred to the 
last chapter. 

Since the /S-rays of radium are so varied in their 
penetrating power, it is difficult to compare their 
absorption by various substances. The /8-rays of 
uranium and actinium have been found to be very 
much more homogeneous, and thus it is easier to 
obtain definite results with them. It has been found 
that, as in the case of cathode rays produced electri- 
cally (see p. 19), the absorption by different substances 
is approximately proportional to their densities. 

The absorption of y-rays has also been investigated. 
It is found that these rays are not absolutely homo- 
geneous, though far more nearly so than the /3-rays, 
y-rays from different radio-active bodies vary in pene- 
trating power ; those from actinium are, as mentioned 
on p. 84, far more easily absorbed than those from 
radium. The most penetrating y-rays from radium — 
those left after passage through several centimetres of 
lead — obey the law of proportionality between absorp- 
tion and density very accurately. Less penetrating 
y-rays do not obey it quite so well ; the law is, how- 
ever, approximately true for them also. 

The whole subject of absorption is at present in a 
very confused state. Only the leading facts concern- 
ing it have been mentioned. Further investigation is 
much needed in several directions. 


CHAPTER V 


THE CIIA-NOES OCCURUI^'a IN RAIMfl-AfTIVE BODIES 

Ip a sppcimen of radium liromido is plju’i'd in a 
glass tube, and gfsntly heated, it will be fbuiul that 
a small quantity of gas can lie <!xtrn(:t4'(i from it, which 
lias most romarkaldo projiorties. TIio gn« lias, in fact, 
all the peculiarities of mdiiini itself ; f«>r, if cnlleeted 
in a glass tube, it 'will emit the Bcwiuerel raya A 
fluorescent screen brouglit near it will liglit tip, and, 
indeed, the tube itself is sufficiently fliioreseent tinder 
the influence of the rays to bo wwily visilde in the 
dark. The air outside tho tula? is rfritierofl con- 
ducting by tho rays emitted. Photognipliie plates 
are acted upon. The ghiHs €)f tlie containing tnlie is 
turned perceptibly violet oven in tweiity-foura !»owr». 
In short, all the clmracteristio phenomena arc ob- 
tained. This radio-active gas lias become known as 
the radium emanation. 

The volume of emanation omitted by any «iieh qiinii- 
tity of radium as is at pK»ent procumhle, is absolutely 
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It is only with great difficulty, and by taking 
very special precautions, that the emanation can bo 
obtained in the pure state. But, for examining many 
of its properties, that is by no means necessary. The 
admixture of another gas, such as ordinary air, does 
not at all interfere with many of the experiments. 
In some cases, in fact, it facilitates them. 

We have spoken of heating the solid radium 
bromide. But the same result can bo obtained by 
dissolving it in water. The solution then gives off 
the emanation. A mixture of oxygen and hydrogen 
in their combining proportions is also given off, as 
wo have already seen. This mixture servos to wash 
out the emanation, and the mixture may be extracted 
and collected by moans of a Sprengol air-pump. 

A mixture of the emanation with air may readily 
bo obtained by bubbling air through the solution. If 
this air bo led into a tube containing some zinc sul- 
phide, the fluorescence of the sulphide will bo very 
brilliant. 

The electrical effects due to the emanation may 
easily bo shown. Air which has been bubbled 
through radium bromide solution will rapidly dis- 
charge the electroscope when blown on to it, or better, 
admitted into the case of the instrument so as to 
surround the gold leaves. 

Air which contains the emanation behaves in all 
respects like air which is exposed to radium ; but 
it is able to keep itself constantly ionised by the 
radio-active material which it contains ; whereas tlio 
ionisation of ordinary air only continues as long jih 
the radium acts upon it. If the radium is with- 
drawn, the conducting power disappears in the course 
of one or two minutes, owing to recombination of the 
ions already present, and the failure of the supply of 
new ones. If the electro-motive force is acting all 



the time, the ions are tisod »{) iininodiiitely, and the 
phenomena cease the moment tins radium is with- 
drawn. 



Tlie emanation behaves like otlun- gases in one very 
important property. It can b<! efmdonscHl to the 



liffuid or solid fom 
by e(M>ling. Differ- 
ent gases differ 
very greatly in this 
respeid. Steam or 
water vapour, for 
instance, e^in be 
ahno.st completely 
eon<h?nsed out of a 
space which con- 
tains it by means 
of ice, though to 
remove alwolutely 
ail perceptible 
traces of it would 
resjuire a lower 
temp<jraturo still. 

To c^tmclense the 
emanation com- 
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The condensation can l>o shemm ir» the follc>wing 
way. Air bubbled through the sfdution of radium 
bromide is passed through a U-shaiMst glass lnl>o, 
immersed in liquid air {fig. E3), This crads it to the 
temperature of the liquid. At that tenqH'rature th<! 
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in the solid form, and is deposited on the walls of the 
U-tube. The whole process may be watched in the 
dark. The air charged with emanation causes visible 
fluorescence in the glass tubes; but the fluorescence 
does not extend beyond the cooled portion of the U- 
tube where it condenses. The accumulated emanation 


condensed in the tube shows a brilliant fluorescence, 
proving, incidentally, that even at this low tempera- 
ture it is still able to emit Becquerel rays. 


The condensation 
of the emanation can 
be shown even more 
effectively by an- 
other experiment. 
The emanation, with 
as little admixture 
of any other gas as 
possible, is intro- 
duced into a glass 
globe (fig. 24) con- 
taining zinc sulphide, 
which fluoresces 



brilliantly under its 
influence. Communi- 
cating with the globe 
by a short tube is 
another small bulb 


Fro. 24. — Arrangement for showing the oondenaation 
of the emanation. An inverted U-shaped tul)e carries 
at each end a glass bulb. The larger bulb, a, contains 
zinc sulphide or other fluorescent materials. The 
arrangement is exhausted of air, and the emanation 
introduced through the stoi>cocK, c, which is then, 
closed. The zinc sulphide glows brilliantly. On 
immersing b in liquid air, the emanation all condenses, 
and a loses its luminosity. When, b is allowed to heat 
up again, the luminosity is restored. 


which can be immersed in liquid air. As soon as 
this is done, all the emanation condenses in the bulb, 
so that there is none left in the large globe, and the 
zinc sulphide is no longer luminous. If the bulb is 
removed from the liquid air, the emanation evaporates 
again, and the luminosity is restored. 

The emanation seems to be absolutely unaffected 
by any chemical treatment that we can submit it to. 
Not even the most violent treatment, such as passing 
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it over red-hot magneHiurn, altern its ra<Ii<HU'tivity in 
the alightcBt. The only other known gas<*.s which can 
withstand such treatment are the iiua-t couHtitnentH of 
the atmosphere, which have been diH(;ovt!r(*d of re<!ent 
years, helium, neon, argon, krypton, and xen<m. Any 
other gas, such as oxygcm, carbonic acid, or even 
nitrogen (which is gfuiorally very inert), enters int«j 
chemical comljination with n'd-hot magru'sium. In 
its chemical i)roperties, or rather want of pro|H!rtie.M, 
then, the emanation resi'inbles the inert gjiwjs. 

Wo have not yet any very satisfiwdriry means of 
determining with accuracy the ilensity of tlie emana- 
tion. As has been already remarked, the voluim* of 
pure emanation obtainable does not exceiKi that of a 
pin’s head, and it will readily bo admittisl that to 
attempt to weigh such a quantity of gas woidd not I»o 
a very hopeful task. Sir William liamsay and Dr, 
Travers succeeded in determining the diuisity of 
xenon with {»nly 7 cc. of gas, equivalent in English 
mcsisuro to alM)ut hidf a cul>ic iradi. This was justly 
regarded as a triumph of exporimontjil skill But 
oven that degmo of retinement is of course utterly 
insufficient for dealing with the emanation. Tlwro 
is, however, a moans by whicdt wo can obtain stnno 
approximation to the desirod nwult. It de|M?nds on 
the diffusion of the emanation through a {siriius plnUi. 

Let us hike a vessel made of p<>n>u.s (ungliixed) 
earthenware, such iw is uwd for a Danioirs battery, 
and fill it with carbonic acid gjis, closing the nasith 
air-tiglit. After a litUe time we shall find that there 




CHANGES IN EADIO-ACTIVE BODIES 113 


acid there may have been to begin with, the time 
which elapses before half of that amount has escaped 
will always be about the same. Suppose, for instance, 
that there was one gramme of carbonic acid by weight 
to begin with. We can find by experiment how long 
a time elapses before half that quantity has escaped. 

Suppose we found that it took an hour. Then after 
another hour we should find that the quantity had 
been halved again. There would then be only a 
quarter of a gramme ; and so on. Whether there was 
air mixed with the carbonic acid to begin with is 
quite unimportant. The only thing we need consider 
is the amoxmt of carbonic acid inside. It is essential 
that the carbonic acid should not be allowed to 
accumulate outside, or some of it would diffuse back 
to the inside again. But if the porous vessel is 
exposed to the air of the room, the carbonic acid 
which gets out is sure to be blown away effectually 
by chance draughts. 

Now, let us try the same thing with another gas, 
hydrogen. We shall find that the hydrogen, which 
is much lighter than carbonic acid, gets away much 
faster from the same vessel. In fact, it is found 
that the rate at which gases diffuse depends only on ^ 

their density. A dense gas always diffuses more 
slowly than a light one.^ j 

Now it will be seen that this method is admirably j 

adapted to the case with which we are concerned^ 

For, as we have said, the admixture with air does 
not affect the rate of diffusion. All that we have 
to do is to find the rate at which the emanation 
escapes through a porous vessel, whose behaviour 
with gases of known density has been found. We 
can arrange to measure the quantity of emanation 

^ The quantitative law is that the rates of diffusion are inversely pro* i 

portional to the square root^ of the densities. 

I 



mtutturt*, Hi lui n*n«-i*rn u?*. aji %vi* whiu ik 

a uaiforiii hchIo of tin'iii*urt'!ncui whirli i?* 
with itKC'lf. Wi’ mojwuro tin* into «if leak «lu« to 
tho emanation from time to timo. ami fimi Iiow lonji 
a time (^hjihch lM*fore it falla to half it^4 initial viilut*. 
We art* then in a iMwition to ei»in|Hire it^t tieiinity with 
thoHo of tin* «tth<?r gaw*M. 

ExjH'rimentH imuh* in thin way iiri* not wiweptihle 
of any high tlcgree of aci-urHry, hut tliey |Kiint to 
the coneluHion that the enianation in nlwoiit ninety 
times as tlenstJ as hydrogen, or more thnii six tinieH 
as dense as air. This mmds*r nnist Is? iireejittal with 
some resfsrve. But there is no d«»nt»i, at idl events, 
that tlus c*manntion is, for » giis, •*xreedingly heavy. 

The density of a gas is ii very iiii|s»rtaiit diituin. 
For evt*ry gas, «!ist*rved mnler similar e«»nditi»»ns, is 
equally etairwe gniitusl. I’^ieh gas eotittniis the same 



CHANaES IN EADIO-ACTIVE BODIES 115 


of money invested at compound interest increases. 
But, to make the analogy exact, we must suppose the 
interest to be subtracted from the capital, instead 
of being added to it. In that case the capital would 
diminish in exactly the same kind of way that the 
emanation diminishes in activity when left to itself. 
We have already met with the same law in considering 
the diffusion of gas out of a porous vessel. The rate 
of decay of the emanation is conveniently indicated 
by saying how long it would take for its activity 
to diminish to one-half its initial value. Careful 
experiments have shown that the time required is 
B‘7 days. 

It is a very remarkable fact that the rate of decay 
of the emanation is absolutely independent of the 
circumstances in which it may be. Hot or cold, 
solid or gaseous, concentrated, or diluted with air, 
it makes no difference whatever. We may condense 
the emanation with liquid air, and keep it condensed 
for some days. But it will be found that when we 
let it evaporate again, it has diminished in activity 
just so much and no more as it would have if it had 
been left in the gaseous condition all the time. If 
we start with a strong emanation, there will be no 
difficulty in still recognizing its presence after the 
lapse of two months. 

Sir William Eamsay and Mr. Soddy have recently 
obtained the pure emanation, and have measmed its 
volume, by the use of a tube of very narrow bore, 
and by working at a pressure much less than that 
of the atmosphere. They have observed that the 
volume contracts till no longer measurable, and 
that this diminution follows the same law as the 
radio-activity; the volume reaches half its initial 
value in 3-7 days. It is clear from this experiment 
that the gaseous emanation is slowly turning into 

I 2 . 
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.solid producte, which occupy a voluino very small 
compared with its own. The cxpei-imcntal difficulties 
of this observation are very groat, and the results, 
as might bo oxpcctcd, not free fronx apparent ano- 
malies; but there can bo little doubt of tho general 
conclusion. 

Wo must now return tf) tho radium salt, and con- 
sider its behaviour after the emanation has been 
taken from it. As tho emanation is so very radio- 
active, it will be readily understood that, while still 
with tho radium, it contributed a good deal to the 
activity of tho latter : so that tho radium, deprived 
of its emanation, is much loss active than it was 
Ixoforo. But thi.s enfooblomont does not last. If 
tho radium is tested from day to day, it is found 
to bo slowly becoming more active Jigain. In fact, 
it is browing fresh emanation. It will bo romom- 
bered, howovor, that tho emanation does not last. 
Bo that there is a limit reached, when tho emanation 
dies away as fast as the ra<lium can make more of it. 
After that the activity of tho radium will not increase 
any further. This state of things is priudically reached 
after about a month. The radium is then said to be 
in radio-active equilibrium with its emanation. 

Tho radium salt is not able to rehiin tho whole of 
its emanation, oven at ordinaiy temperatures. A 
little of it is always diffusing away. 

The same behaviour can I)o traced when the radium 
salt, instead of being heated, is dissolved in water. 
This equally separates the emanation, which corn® 
away when the water is dried off. The salt recovered 
from the solution is enfeebled like that which has 
been heated, and the activity com@8 back in exactly 
the same way. 

We have seen that radium constantly generates 
tho emanation. It may be asked, Does tho emanation 
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in its turn generate anything else? The answer is 
that it does. 

The emanation, as we have seen, is only obtainable 
in sufficient quantity to occupy a just visible volume, 
and that notwithstanding that it is gaseous, and 
consequently occupies a far larger volume weight 
for weight than a liquid or solid would do. When 
we state, therefore, that the substance which the 
emanation generates is a solid, it will not be sur- 
prising that no quantity large enough to be visible 
at all, even under the microscope, has yet been 
accumulated. If it is not visible, how can we be 
sure that it exists at all? The answer is. By its 
radio-activity, which is exceedingly strong. 

The solid substance, generated by the emanation, 
has been called, not perhaps very happily, the induced 
activity. This name was given before the material 
nature of the deposit had been recognized. In the 
present work the substance will he called the active 
deposit. 

To demonstrate its formation, introduce a rod or 
plate of any material into a vessel containing the 
emanation (mixed, of course, with air), and leave it 
there for a few hours. If the rod is withdrawn after 
that time it will be found to be quite radio-active 
when tested by the electroscope. A layer of the 
active deposit, so thin as to be invisible and un- 
weighable, has encrusted it. We can scrape off this 
active layer by means of emery paper. The activity 
will then remain in the dust left by the scraping 
process, or we can induce it to evaporate or rather to 
sublime, if we make the surface on which it is 
deposited intensely hot. 

A curious peculiarity of the active material is 
that it deposits much more easily on a negatively 
charged surface than on one that is positively 
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charged. It is evident, therefore, that the particles 
of this substance, as they are formed throughout 
the volume of the gaseous emanation, are charged 
with positive electricity. This positive charge in- 
duces them to move up to the negatively charged 
wire, since opposite kinds of electricity attract one 
another. When the emanation is allowed to remain 
in the radium salt, it generates the active deposit 
in the salt, and this active deposit, as well as the 
activity due to the emanation, contributes to the 
activity of the radium. The activity of a radium 
salt which has not recently been deprived of its 
emanation, accordingly consists of three parts. One 
of these parts is contributed by the radium itself, 
which emits Becquerel rays, while changing into the 
emanation. A second part is due to the emanation, 
while changing into the active deposit, and a third 
part is due to the active deposit itself. 

It will be remembered that radium yields three 
kinds of rays. The a-rays, consisting of particles of 
atomic dimensions positively charged. The j8-rays, con- 
sisting of negative electrons, and the y-rays, of great 
penetrating power, which are pi’obably Rontgen 
rays generated by the j8-rays. Does each of the 
three constituents of ordinary radium — radium itself, 
its occluded emanation, and the active deposit — give 
off all three kinds of rays, or is each of them respon- 
sible for one kind ? This question has been put to 
the test of experiment. It is found that neither 
of these alternatives represents the truth. For the 
radium itself, when freed from the other products, 
gives only the a-rays. Its radiation is completely 
stopped by the thinnest screen of solid material. 
The same is true of the emanation. The active 
deposit is responsible for the whole of the yS- and y- 
rays. It contributes a part of the a-rays also. 
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In the present state of our subject, we can give no 
further interpretation to these facts. But there can 
be no doubt that, with the progress of knowledge, 
their true bearing will become clear. 

When describing the emanation, we stated that its 
activity was apparent outside the glass tube con- 
taining it. That is the superficial appearance of the 
phenomenon. But we have now seen that the pene- 
ti’ating rays, which alone can produce effects outside 
the tube, are exclusively due to the active deposit. 
It is really this latter, deposited on the inside walls 
of the tube, which enables the activity to be observed 
outside. By measuring the activity of the rays outside 
by the electrical method, we can follow the development 
of the active deposit. When the emanation has just 
been put in, no outside effect is obtained. The outside 
effect gradually increases in strength, but more and 
more slowly, until a limit is reached. This limit is 
attained in a few hours. It represents the stage at 
winch the active deposit loses as much by its own 
decay (which we shall describe immediately) as it 
gains by the development of fresh supplies from the 
emanation. 

The active deposit, like the emanation, is an unstable 
substance. It loses its power much more quickly than 
the emanation does. For in a few hours after its 
formation it has lost nearly all its activity. 

The changes which occur in the active deposit are 
very complex, in contrast to the change in the emana- 
tion. For while the emanation dies away uniformly 
at a rate which is proportional to the amount present, 
the active deposit behaves in quite an eccentric manner. 
It begins to decay quite fast. After some ten minute.s 
this decay stops, and the activity remains stationary 
for a time. Then it starts decaying again, and goes on 
doing so till no longer perceptible. It is evident that 
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the change takes place in several stages, each occurring 
at a characteristic rate. 

To analyse the experimental results, so as to find 
out the number of changes which occur, and the rate} 
at which each proceeds, is not a very ojwy matter. 
For it is not as if each change was quite over befor© 
the next one began. In that case the problem woukl 
be one of comparative simplicity. But unfortunately 
the changes overlap; when a portion of the dcqwnit 
has undergone its first change, this portion will proceed 
to the second change, while the remainder goes on 
with the first one ; and so on with the other cluingeB. 
Professor Rutherford, to whom, with Mr. Buddy, vv© 
owe most of our knowledge concerning the pro(«;«seH 
which occur in radio-active bodies, has lately sumjc'dod 
in specifying a series of changes which will explain 
very satisfactorily the observed phenomena. It is not 
proposed here to enter on the considerations which led 
him to this result, for they are only of technical interest. 
The result itself, however, is of great importance. The 
changes are three in number. 

(1) A change which destroys half of the original 
deposit in three minutes, a-rays only are emitted 
during this change. 

(2) A second change, in which half the materml 
changes in twenty-one minutes. During this change, 
no rays are given out ; the material is, however, pre- 
paring to get into the third stage. 

(8) A third stage, in which half the matter changes 
in twenty-eight minutes. AH three kinds of rays are 
emitted. 

The materials of these three changes have been 
called by Professor Rutherford radium A, radium 
and radium C respectively. 

After the third stage, there is stiU some activity 
left: it forms, however, only a very small friction 
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of the original amount. In order to obtain enough of 
it to examine, it is necessary to start with as large 
a quantity of emanation as can be obtained. The 
emanation is stored for (say) a month. At the end 
of that time the tube containing it, when opened, 
will be found to contain active matter which can 
be dissolved out by sulphuric acid. 

This active matter gives out all kinds of rays. The 
penetrating varieties are, however, present in greater 
proportion than in other radio-active products. It is 
found that a series of changes occur, but these are so 
slow that enough time has not yet elapsed for their 
full course to be apparent. Professor Eutherford has, 
however, been able to separate different radio-active 
products by chemical methods, and by fractional 
distillation, that is, by exposing the material to such 
a temperature that one product only evaporates. The 
rate of decay of the separated products and the nature 
of their radiation has thus been to some extent deter- 
mined. 

The first product of this second series is called 
radium D. It does not give off any rays, and its 
rate of change is very slow. This rate has not been 
directly determined, for sufficient time has not elapsed 
since its discovery to make that possible. Professor 
Eutherford has estimated by an indirect method that 
it decays to half in forty years. This result must bo 
accepted with some reserve. 

The next product, radium JE, is produced from 
radium J), emitting and y-rays only. It decays to 
half in six days. 

The third product of the series, radium F, gives a- 
rays only, and decays to half in five months. 

We shall have more to say about these products in 
a later chapter. 

It is a very important question whether the end of 
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this series of radio-activo changes has been reached. 
The activity of radium shows every sign of decaying 
to zero. Enough time has not yet elapsed to say 
whether it really does so, or whether a small amount 
of activity of a different kind remains, representing yet 
another phase in the changes which occur in the active 
deposit. Professor Rutherford’s view is that the decay 
in radium F is the last. 

We have considered the successive changes which 
occur in radium, the pi-oduction of the emanation, 
its change into the active deposit, and tho changes 
of the activity of tho latter. 

We now turn to tho changes in tho other radio- 
active elements — uranium, thorium, actinium, and 
polonium. The case of uranium is peculiarly inter- 
esting, on account of its simplicity. Por it only 
undergoes one change before tho activity vanishes 
or becomes too small for detection. Tho one active 
product is a solid one. In the case of radium, there 
was no difficulty in separating tho successive pro- 
ducts, for tho emanation, being a gas, could be 
readily separated from tho parent radium by heat; 
while tho active deposit, being a solid, wjis readily 
separated in its turn from the parent emanation. 
Indeed, it may bo said that the separation took 
place of itself. In tho case of uranium, the separa- 
tion of solid from solid is not quite so simple. 
Recourse must be had to the methods of clremical 
separation, of which we gained some knowledge in 
following the preparation of radium from pitchblende. 
We may employ the method of fractional crystalliza- 
tion, which, though tedious, seldom fails of ultimate 
success. We may crystallize the uranium salts 
repeatedly, and determine whether the more soluble 
portions differed in their radio-active properties from 
those which were less soluble. This is the method 
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which is used, as we saw, in separating radium from 
barium; and it was by this means that the active 
product continuously produced by uranium was first 
separated. But there is another process which 
effects the desired separation much more easily. The 
uranium salt is completely precipitated in an in- 
soluble form if we add to the solution of it a solution 
of ammonium carbonate. If we add more of this 
reagent, the precipitated uranium salt is redissolved. 
But a minute residue remains, which, though pre- 
cipitated by the ammonium carbonate, in the first 
instance, is not, like uranium, redissolved by an 
excess of it. This residue is found to be intensely 
active photographically, but not markedly so when 
tested electrically. On the other hand, the uranium 
itself is about as active electrically as before, while 
its photographic activity has almost completely dis- 
appeared. The )S-rays, it will be remembered, are 
responsible for practically all the photographic action, 
while the a-rays produce most of the electric leakage. 
So that the substance which has been separated emits 
only the ^S-rays, the uranium itself only a-rays. The 
new substance has been given the name of uranium 
X, or the unknown substance from uranium. Its 
j8-radiation gradually decays. Twenty-two days elapse 
before it sinks to one-half of its initial value. 

In the meantime, the uranium salt, which had been 
freed from all uranium X, gradually acquires a fresh 
stock. The yS-radiation begins to assort itself ; and if 
the ammonium carbonate separation is carried out 
again, a fresh stock of the uranium X can be 
obtained. 

The minute precipitate containing the uranium X 
by no means consists entirely of that substance. Its 
main constituent is iron, present as an impurity in 
the uranium salt. The quantity of uranium X is so 
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infinitesimal, that iinlcsH sonu; iininirity wen* prewnt 
for it to collect upon, it wtnthi ho impKu-ticiiljlo to 
separate it. If no iron in proHOiit, it in noc<>H«iry 
to add a little, in order to provide a nm-leUH for 
the trace of uranium X to gather on. 

The case of thorium in complex, 'I’ht^ first Ktage of 
transformation is into a solid, which hy aimlogy with 
uranium X is called thorium X. In ortier to etlect 
the separation, thorium nitrate solution is niixtu! with 
ammonia. The result is to procipitahs the thorium in 
an insoluble form, as thorium hydroxide. The* nitric 
acid, formerly in combination with tlie tht»rium, is 
now combined with ammonia as amnioninm nitrate, 
and this, being a soluble rndt, ramains in tlie Holutioii. 
If we filter off the solution from th« jm;cipitjit«?d 
thorium hydroxide, and evaporate it, the r<!si(hie will 
consist chiefly of ammonium nitrate. This, Iw^wever, 
like other ammonium salts, can Im got rid of i>y luait, 
which decomposes it into volatile constituents. Thtiso 
are driven off, and a minute residue renmins, which is 
found to bo intensely radio-active, far more so tliaii 
the original thorium mR. In some cases, the activity, 
weight for weight, will bo found to bo sovoral 
hundred times as largo. This residue consists mainly 
of thorium, which esca|>ed procipitatiim hy the 
ammonia. But its high activity is duo t*» the now 
substance thorium X, which does not form an 
insoluble hydroxide, and is conscxpiently not pre- 
cipitated by ammonia. 

Thorium X decays at about th© same rate a« the 
radium emanation, falling to ono-half its original 
value in four days. 

Other methods have been devised for Hoparatiiig 
thorium X from tihe parent thorium. Tliey d«ii«iwl 
on the use of organic ri^igents. The study of the 
chemical reactions of thorium X, as well as uranium X, 
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is very important, and has not perhaps yet received 
all the attention it deserves. 

It is found that the thorium X is responsible for 
about half the normal radio-activity of thorium. It 
is found, moreover, that the thorium which' has been 
freed from it gives only a-rays. 

The next change in this series is from a solid to 
a gas. Thorium X, in fact, gives off an emanation. 
This differs very remarkably from the emanation 
of radium, for it only lasts for a few minutes, while 
the radium emanation is still perceptible after a 
month. The time which elapses before the thorium 
emanation falls to one-half its initial value is rather 
under one minute. 

In many respects the thorium emanation resembles 
that of radium. But the very short duration makes 
it more difficult to experiment with. The emanation 
can, however, be condensed by liquid air, and 
evaporates at a temperature only slightly different 
from the radium emanation. The thorium emana- 
tion, too, is chemically inert. 

To obtain the thorium emanation, it is not, of 
course, necessary to obtain the thorium X first in a 
separated form. An ordinary thorium salt contains 
a stock of thorium X, which it has manufactured, 
and which it retains mixed with it. The salt will 
therefore give out emanation. Indeed the emanation 
from thorium salts was recognized long before the 
intermediate product, thorium X, had been realized. 
Many thorium salts give out the greater part of 
their emanation in the cold. The emanation cannot 
be extracted at a much greater rate by heating. 
In this respect thorium differs from radium. Some 
samples , of thorium compounds are able to retain 
all or nearly all their emanation in an occluded 
form. Others freely give up almost the whole of 
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it. Thorium, nitrate gives off very little of its 
emanation. Thorium oxide, on the other hand, gives 
up nearly aU. the amount generated. If, however, 
thorium oxide is heated to a white heat, it becomes 
able to retain its emanation after cooling. On dis- 
solving up in acid and reprecipitating, the original 
properties are restored. 

The thorium emanation, like that of radium, gives 
an active deposit which concentrates itself on a 
negatively electrified body. This active deposit, 
instead of being less durable than the emanation, is 
far more so. It appears to undergo two changes. 
The first modification gives out no rays, and decays 
to half the original amount in eleven hours. The 
second does give off rays of all three kinds, and the 
corresponding time is fifty-five minutes. The active 
deposit of thorium can be dissolved off the surface on 
which it has been formed by means of acids. The 
acid, when evaporated in a dish, leaves the activity 
on the surface of the latter. Sulphuric or hydro- 
chloric acid dissolves the deposit more freely than 
nitric acid. 

Recently Dr. 0. Hahn has obtained a radio-active 
product from the Ceylon mineral thorianite, which 
gives, apparently, the thorium emanation. It is, 
however, far more active than thorium. So far, hie 
substance agrees in properties with thorium X, but 
there is this difference, that the new substance does 
not, so far as yet observed, lose its activity. Thorium 
X, it will be remembered, loses half its activity in 
four days. It would seem natural to suppose that 
this substance is the parent of thorium X, being 
intermediate between it and thorium itself. Attempts 
to separate it from purified thorium instead of pre- 
paring it from the mineral do not seem to have 
succeeded, however; so that the character of this 
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product is in a state of some uncertainty. It may not 
be really connected with thorium at all, though that 
seems on the whole unlikely. 

The case of actinium presents a strong resemblance 
to that of thorium. Actinium preparations give off a 
very characteristic and interesting emanation, which 
takes only four seconds to decay to half its initial 
amount. 

The decay of this emanation can be strikingly 
shown if a powerful product is available.^ 

A long glass tube is loosely filled with phosphores- 
cent zinc sulphide, and the actinium preparation put 
at one end. On blowing in a gentle current of air 
along the tube at the actinium end, emanation is 
carried off from the product to the zinc sulphide, and 
causes the latter to become phosphorescent. The 
emanation decays on its journey, and thus the 
phosphorescence, which is bright near the actinium, 
becomes faint at a distance from it. If the air current 
is increased, the phosphorescence will bo seen to reach 
further. 

Quantitative experiments show, as mentioned above, 
that actinium emanation decays to half value in four 
seconds. 

As in the case of thorium, there is a product inter- 
mediate between actinium and its emanation ; it can 
be separated in the same way as thorium X. The 
parent actinium has little or no activity when this 
product has been separated from it. 

Actinium emanation gives an active deposit which 
has the interesting peculiarity of evaporating at the 
temperature of boiling water. It appears to decay in 
two stages. The first change is a rayless one, and is 
half completed in about thirty-six minutes. The 

^ It is difficult to obtain any but weak actinium prapawtioas at 
present 
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second gives all three kinds of rays, and is half- 
completed in about two minutes. 

It will be convenient here to give tables sum- 
marizing the properties of the radio-active elements 
and their successive transformation products. These 
tables are due to Professor Eutherford, and represent 
our present knowledge of the subject. 


Frodiicts 

Time of 
decay to 
half value 

Nature 
of rays 


Chemical and physical properties 
of the products 

Uranium 

Uranium X 

1 

22 days 

a 

3 and y 


Soluble in excess of ammonium 
carbonate, soluble in ether 
Insoluble in excess of ammo- 
nium carbonate, soluble in 
ether and water 

Thorium 

Thorium X 

Emanation 

i 

— 

a 


Insoluble in ammonia 

4 days 

a 


Soluble in ammonia and water 

53 sec. 

a 


Chemically inert gas of heavy 
molecular weight. Condenses 
at ~120"C. 

Thorium A 

1 

11 hours 

no rays \ 


Deposited on bodies; concen- 
trated on the cathode in an 
electric field ; Th. A more 

Thorium B 

V 

55 min. 

7 


volatile than Th. jB; shows 
definite electro-chemical be- 

— 

— ^ 


haviour 

Actinium 

Actinium X 

Emanation 

Actinium A 

i 

— 

no rays 


Insoluble in ammonia 

10*2 days 

a (and 0?) 

Soluble in ammonia 

3‘9 sec. 

a 

1 

Behaves like a gas 

36 min. 

no rays ^ 


Deposited on bodies ; concen- 
trated on the cathode in an 
electric field, soluble in am- 

Actinium B 

i 

245 min. 

y 

- 

monia and strong acids ; vola- 
tized at a temperature of 
100® C. ; A and B can be 

? 

— 

— - 


separated by electrolysis 

Radium 

1 , 

Emanation 

1,300 years 

tt 


Allied chemically to barium 

3*8 days 

a 


Chemically inert gas of heavy 
molecular weight ; condenses 
at -150®a 
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PmduetM 

of 

decay to 
half value 

1 

1 Nature 

Chemical and physical properties 



j of my 8 

of the products 

Radium A 

S a 

3 min. 

a V 

Deposited on surface of bodies ; 

4 





concentrated on cathode in 

Radi m/i 

•Xi 

f 

21 min. 

no rays 


electric field ; Boliible in 



- 

strong acids ; B volatized at 

Radium C 

> A 

28 min. 

«, /8, y 


about 700'" C., A and C at 

i j 

o ^ 
o 




about 1,000'" C. 

Radium 

, ■ ^ htl 

about 40 

no rays 


Soluble in acids ; volatile below 


CJ 1-0 

years 

6 days 


1,000’ G. 

Radium E 

I 

^ and y 

Non-volatile at 1,000'" C. 

w 

Radium F 


143 days 

a 

Deposited on bismuth from 

1 



solution ; volatile at about 

1 ^ 


— 

— 

1,000' C. ; same properties as 
radio-tellurium and polonium 


It will bo noticed that there is no apparent regularity 
of sequence in tho successive products. Sonaetiraos a 
solid product gives rise to a gaseous one, sometimes tho 
converse holds. Sometimes a product giving rise to 
a-rays is followed by another doing the same, some- 
times by a product giving all three kinds of rays, and 
sometimes by one which gives no rays at aU. Nor 
can any prediction be made as to the rate of decay of 
a product, when we know that of its parent. It may 
bo much faster or much slower, or about tho same. 

We have learnt that some of tho radio-active products 
in a series continue to give a-rays much longer than 
othere. On tho other liand, these more permanent 
products are less active. The question arises, how 
does the total amount of a-radiation of one stage com- 
pare with that of another ; tho amount, that is, which 
is emitted during tho entire life of the product. 

Professor Rutherford has given reasons for thinking 
that, for a given initial quantity of material, tho same 
number of a-particles are given out at each stage.' 
Lot us take, for instance, tho case of radium, its 

* TMs of eoarte, obIj to those stages which do gi?e o^ut lom© 
a-radmtioE* 

K 
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emanation and the activt* deposit. Let ns supfKiw; 
that the equilihriuin quantity of enianat ion has accumu- 
lated, that is, that the einanati»>n dies away as fast m 
more of it is pmiuced hy the rjwlium. Now let the 
tf)tal a-radiution of tiu‘ radium witii its pnahiets 
bo measunKi; then, t>n drivintj »dT the emanation 
by heat, it is found that about a qtiartiT of the 
a-radiating power is h>Ht. As stMUi as the emanation 
lias gone, t ho active dejwjsil' contained in the radium 
begins to decay, for the siifiply of it is no longer kept 
np by tho emanation. When, in f!ie course of a few 
hours, it is all gone, the JMdivity remaitnng, dne to 
radium itwdf, is found to la* only om* ciuart4*r of tho 
initial amount. Thus «»ne quarter of the total iwliation 
is duo to radium itself, <»m‘ quarter to tlie emana- 
tion, and the remainder to tlie t%V(» stjiges of the iwdivo 
deposit wliieh give a.-rays. So that there isgiswl retisctn 
for thinking that about tlu' same amotint of tt-rad»iitit»n, 
or about the stunts mimlMT in a-{»articlm |>er necoml, is 
given otf at eiwh sttce<‘ssiv»» sttige of rmlioaetivo 
transformatiftn hy a [tnahict in ratiits{ictiv«*efjiiililirium. 
The same thing prolaihly uj»pli««s to tins ^-jwrlitdes, in 
thosti esnsos where any are given olT nt all. 

Now let us consid«*r wlut! this means iw tti this total 
niynlsjr of a-fMtrtiisles given olfhy a pnalnet in its whole 
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as it (loos in passing through the next stage, from 
emanation to radium A. Wo have seen (p, 79) that 
four times as many a-particles are given off as /?-parti- 
cIoB by radium in radio-active equilibrium. This is 
very well accounted for if wo suppose that the original 
radium atom loses one a-particle in changing into the 
emanation, one a-particlo in changing into radium a, 
one more a-particlo in changing into radium A, and 
an a- and a ;8-particle in changing into radium C. The 
intermediate phase, radium i?, it will be remembered, 
is a rayless one. 

All chemical changes are accompanied by thermal 
effects. When oxygen combines with hydrogen, heat 
is given out, or, to take a still more familiar case, 
when carbon combines with oxygen, as in the com- 
bustion of coal. There are instances in which the 
product is more complex than the original constituents. 
But heat is often evolved in the decomposition of 
a complex substance. The most conspicuous examples 
are the explosive compounds which have takoir the 
place of gunpowder in modem blasting operations, 
Nitro-glyeerine, which is the active principle of 
dynamite, gives off a largo amount of heat in its 
decomposition. It has been found that the changes 
taking place in radium also give rise to thermal effects. 
One of the original experiments on this subject by 
MM, Curio and Labordo, to whom we owe the dis- 
covery, was made by moans of Bunsen's ice calori- 
meter (fig. 25), an instrament admirably adapted to the 
measurement of small quantities of heat. 

The working of the instrument depends on the 
fact that water expands on freezing. Tliis effect is 
familiar to ail in the bursting of frozen water-pipes. 
It is an obvious consequence that ice must contract on 
melting. If, then, we can measure the contraction, it 
will bo evident that the amount of ice which has 
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been molted w quite determiuate. The quiuilily of ic-o 
melted Hon'iss to luejiKuro llu! amount ol heat %vlueh 
lias been employed in meltia« it; for Ktaudarti 
exporimoutH have Iksou luaih* on the amount of heat 
required to melt, say, a pound of iee. 
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The position of the end of tho thread can be read on 
the scale, just as in reading a thermometer. 

To prevent the ice between tho walls of the vessel 
getting melted by tho heat of the room, the whole 
instrument is packed in ice. The narrow graduated 
tube, and the mouth of tho vessel, alone project. 

If now a little radium is introduced inside the 
vessel, it is found that the end of tho mercury thread 
begins to recede. Tho contents of tho vessel are 
contracting, or, in other words, tho ice between the 
walls is melting; and this goes on indefinitely. As 
soon as tho radium is withdrawn, tho end of tho 
mercury thread remains steady. When tho radium 
is {igain introduced, tho mercury thread begins to 
recode steadily, and continues to do so, so long as tho 
radium is left inside. 

Wo saw above (see p. 82) that it had been sug- 
gested that radio-active bodies drew their supplies of 
energy from the surrounding air. If this were so, 
tho molecules of the surrounding air would lose 
energy, and its temperature would fall. The experi- 
ment we have just described conclusively proves that 
this is not tho case. For, if tho heat omitted by the 
radium wore drawn from tho surrounding air, there 
should bo no heating effect on tho whole from the air 
and the radium taken together. But the air was 
included with tho radium inside tho calorimeter, and 
tho heating effect is observed none tho loss. It is 
evident, therefore, tliat radium does not draw its 
energy from this source. 

Let us return now to consider more quantitatively 
tho experiment with Bunsen’s calorimeter. 

If we know the size of the graduated tube, and if 
we found the rate at which the mercury moves, it is 
CMy to find tho change of volume in an hour, and to 
calculate the amount of ice which has been molted in 
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that time. The resist is to show that radium can 
melt something like its own weight of ice in an hour. 
The amount of heat required to do this is not very- 
different from what is required to raise the same 
quantity of water to the boiling-point, starting at the 
ordinary temperature. So that we may say, if we 
prefer, that radium gives off enough heat in an hour 
to boil its own weight of water. 

A pound of radium, if we could obtain so much, 
would be capable of boiling a pint of water in an hour. 
It would give off as much heat as a small spirit lamp. 

If we reflect that radium probably retains its 
powers quite undiminished for hundreds if not 
thousands of years, it will be admitted that this is 
one of the most astonishing results in the whole range 
of science. 

The quantities of radium available to experiment 
with are, as we have seen so often, very small; so 
that they expose, in proportion to the amount of heat 
liberated, a very large surface. This enables the heat 
to get away easily. No part of a small mass of 
radium is very far from the surface. And thus it 
happens that the temperature does not rise very liigh. 
In spite of this, M. Curie has been able to show the 
heating effect of a fraction of a gramme of radium, by 
means of an ordinary mercury thermometer, which 
was heated several degrees hotter than the sur- 
roundings. 

If a large mass of radium could be obtained, say 
a few pounds, the inside would probably be vividly 
incandescent, with the heat generated. For the out- 
side layers would serve to hinder the escape of the 
heat generated by the internal portions. Thus the 
temperature would be able to rise very high. 

A most mistaken notion has got abroad that the 
heating property of radium may have a direct 
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practical application. A little consideration will 
! show the utter futility of such an idea. Eadium 

^ can give off enough heat to melt its own weight of 

j ice in an hour. Coal can give off enough heat in the 

i process of complete combustion to melt about 100 

times its own weight of ice. Perhaps this process of 
complete combustion may take some five hours, in the 
case of a domestic fire. Thus the burning coal gives 
off heat at twenty times the rate that the same 
amount of radium will do. The radium-filled grate 
would require to bo twenty times larger than the coal 
one to produce the same effect. True, the radium 
would practically not require replenishing. But if we 
reflect that an ounce of radium costs .£100,000, it will 
be admitted that a good deal more heat might be 
obtained by investing the money in consols, and 
devoting the annual interest to the purchase of coal I 
The heating effect of radium even when so sparsely 
distributed as it is in pitchblende, would probably bo 
perceptible inside a large block. A rough calculation, 
on certain reasonable assumptions, as to the rate at 
which heat was conducted through the substance, 
showed that, in the middle of a largo slab a yard 
thick, the temperature would be something like one- 
fifth of a degree. It is not impo(i«ible that inside a 
deep mine, where pitchblende was very abundant, 
the temperature might be perceptibly higher from 
this cause. 

For a long time the source of the sun’s heat was 
r(^arded as very mysterious. We know, with fair 
accuracy, the size of the sun, and the density of the 
material of which it is constituted. On any reason- 
able view of the amount of heat which such a body 
could give out in cooling, it seemed very difficult to 
understand wliat could be the source of the enormous 
quantities of heat which the sun pours out in all 
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directions. For wo know with tolerable ftccnracy the 
amount of heat which roachcH a square yard of the 
earth’s surface, from the sun, every hour. And 
assuming, as wo safely may, that an (!(|ual amount of 
heat is given out by the sun in every other tlir<*ction, 
the amount of heat given out altogether may bo 
computed. When this is done, it is found that if tluj 
sun had no resource but to draw on its own primaeval 
heat, it could not go on very long without Ixicoming 
pereei)ti})ly colder. 

As this does not happen, wo must suppfwo tluit the 
sun has some other source than its primaeval supply to 
draw upon. 

The most natural source to look to is perimps com- 
bustion. But hero again, if the sun was made of the 
most combustible materials known, this source of 
supply would not last nearly long enough. 

The view which, until lahdy, law exclusively held 
the field is that propounded by Von Helmlioltz. His 
tlieory assumes that the sun is cont«ieting ; that its 
diameter becomes less every year. In short, that the 
outer parts are falling down on the inner ones. 

Whenever one body falls on another, heat is 
developed. For instance, iron may be made visildy 
red hot by skilful and vigorous hammering. 'J’he 
method was employed by blircksmiths m a means of 
kindling a fire before the invention of matches. 

It is just in this way that the heat of the sun is 
assumed to be mmntained by contraction, anti conse- 
quent falling in of the outer parts on the inner ones. 

It might be thought tliat this cause wouhl bo 

inademmto to oxnlain the orimn of ftm utttt'u lo.iO 
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The discovery of the wonderful supplies of energy 
which radium possesses, and can give out, suggests 
another possible explanation of the origin of the sun’s 
heat. It has been estimated that if the sun contained 
two and a half parts of radium in a million, by 
weight, the present output of solar energy would be 
accounted for. K, in fact, the sun were only a little 
richer in radium than the best pitchblende, we should 
not have to look any further for the source of its 
heat. 

A circumstance strongly confirmatory of the idea 
that a part at least of the sun’s energy is derived from 
radio-activity is the abundance of helium in the solar 
atmosphere. For we shall see in a later chapter that 
helium is a product of the changes occurring in 
radium. No radio-active effect due to the sun has yet 
been traced. An electroscope tvill retain its charge 
just as long when exposed to the sunlight' as when 
taken into a tunnel with many feet of rock overhead. 
The fact has been regai’ded as a formidable objection 
to this theory of the sun’s heat, but it is not really so. 

We must remember, in the first place, that the 
radio-active material is supposed to be disseminated 
uniformly throughout the sun’s volume. Now the 
Beequerel rays cannot penetrate any great distance 
through solid materials; so that the rays from the 
internal portions cannot escape. The radium con- 
tained in a very thin outer shell could alone produce 
any external electrical effect. 

If we reflect further, that the earth’s atmosphere 
produces an absorbent effect equivalent to a column of 
water 32 feet high, it will not be difficult to under- 
stand that the Beequerel rays from the sun cannot 
easily get through. As a matter of fact, calculation 

^ Ifc is necessary to take precautions to exclude what are called photo- 
electric effects, which have nothing to do with radio-activity. 
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shows that the amount of effect to be expected, 
assuming that the sun’s heat is wholly due to radium 
uniformly distributed throughout it, would be utterly 
beyond the range of experimental detection. 

Professor Rutherford and Mr. Barnes have carried 
the investigation of the heating effect in radium a 
stage further than did the original discoverers of the 
effect ; for they have investigated the amount of heat 
liberated in the formation of each of the successive 
radio-active products. 

They measured the heating effect from a specimen 
of radium bromide. They then heated the salt and 
removed the emanation, which was collected in a 
small glass tube and sealed up. 

It was found that the heating effect of the radium 
salt was diminished by the loss of its emanation in 
exactly the same ratio as the radio-activity was 
diminished, that is, if the o-rays alone are taken into 
account. On the other hand, the heating power 
which had been lost by the solid was found to survive 
unaltered in the gaseous emanation. The heating 
power of the two added together was exactly the same 
as if no separation had been effected. 

It was found that the tube containing the emana- 
tion lost its heating effect in just the same way as the 
emanation loses its activity. For the heating effect 
fell to half its initial strength in 3-7 days, just as the 
activity of the emanation falls to half value in that 
time. 

The radium deprived of emanation recovers its 
heating power just as it recovers its activity. 

In fact, it was found that the heating effect of a 
radio-active product was at all times proportional to 
the amount of a-radiation it was emitting. Tliis 
applies equally to radium itself, to the emanation, and 
to the active deposit. 
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The heating elfect, then, is intimately associated 
with the a-radiation. Let us now consider why this 
should be the case. The a-particles are constantly 
being emitted by every part of the radium salt. By 
far the greater number of them are stopped by 
striking against other parts of the radium. In fact, 
radium is constantly hammering itself, and, in conse- 
quence, may be expected to get hot. /S-particles no 
doubt contribute something to this hammering, but 
they are so hght compared with the a-particles that 
their effect is insignificant. 

Before accepting this explanation, it is necessary to 
show that hammering by a-particles is actually suffi- 
cient to produce the large amount of heat evolved. 

We have seen that the number of a-particles 
emitted by a gramme of radium is known and also their 
velocity. Their mass, too, has been with good reason 
assumed to be about that of a helium atom. Knowing 
the mass and velocity, we can calculate the amount of 
energy which is represented by the motion of the 
a-particles, and hence the amount of heat which 
should result from their stoppage. When this calcu- 
lation is made, it is found to point to about the same 
amount of heat as radium is actually found to emit. 

The discovery of the enormous quantities of enei'gy 
liberated by radium is a proof that there lies latent in 
the atom a quantity of energy absolutely gigantic in 
comparison with anything which it was formerly 
believed to contain. 

Energy is often liberated, as we have seen, when 
chemical combination takes place. The most con- 
spicuous case is the combination of oxygen and 
hydrogen to form water, for more heat is given out in 
this case than in any other that has been investigated* 
The energy hberated in the formation of a pound of 
water would be supplied by a pound of radium in 
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forty hours. We do not yet know with certainty 
how long radium will last, how long, in fact, it will 
continue to evolve heat at this rate, but there can be 
no doubt that the period is to be measured by hun- 
dreds or thousands of years. So that the amount of 
energy which the pound of radium possesses must be 
millions of times greater than energy which is set 
free in any known chemical change in an equal quan- 
tity of material. 

It was formerly thought that the energy liberated 
in chemical changes was a considerable fraction of 
what was present altogether, although, of course, it 
was recognized that there was no proof of this. But 
this view must now be altogether abandoned, for the 
case of radium can hardly be regarded as exceptional. 
It is true that this is the only case where measurable 
quantities of energy are being given off.^ But it is 
the giving ojff of the energy which we must alone 
regard as exceptional. It must be assumed to be 
present, in a latent form, in other chemical atoms 
also. 

It is not inconceivable that some process might be 
discovered which would enable us to liberate such 
stores of energy on a large scale in the case of 
ordinary materials — to make large quantities of them 
radio-active. If this could be achieved, the problem 
of the failure of the coal supply need never cause any 
further anxiety. 

We may conclude this chapter by saying something 
about the effect of temperature on radio-active 
processes. 

M. Becquerel has experimented on metallic uranium 
to see whether heating it or coohng it wotdd alter the 
radio-activity. As he has remarked, metaUic uranium 

^ Uranmin and ttorium no doubt produce similar though much 
smaller effeets. 
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has been subjected to a tremendous heat in the 
electric furnace during the process of manufacture. 
It is evident, therefore, that intense heating cannot 
permanently destroy radio-activity. It remained to 
investigate the question of v?hether a temporary effect 
was produced while the uranium was still being 
heated or cooled. 

Experiments of this kind are diflicult because heat- 
ing or cooling the air may, and in fact certainly does, 
affect the discharging power, apart from any change 
in the activity of the radiating substance. For this 
reason it is easiest to work with the y8- or y-rays, 
which can be detected at a distance fi,'om the uranium. 
The temperature of the uranium can then be varied 
without altering the temperature of the air in which 
the electric leakage is to be measured. 

When this arrangement was adopted it was found 
that the activity of the uranium was quite unaffected 
by changing its temperature. The discharging power 
was just the same, whether the uranium was heated 
to the temperature of boiling water, or cooled to the 
temperature of liquid air. 

With radium it is otherwise. Heating diminishes 
the apparent activity. This, however, is not mainly 
due to any real change of activity, but to loss of the 
emanation, which contributes largely to the activity of 
radium as ordinarily observed. If the specimen is 
sealed up in a glass tube, so .that the emanation 
cannot escape, not much change of activity is 
observed. 

Recently, however, Mr. Mackower has shown that 
the activity of radium C is slightly affected" by 
temperature. Some radium emanation was sealed 
up in a tube of quartz glass, so that it coidd be 
heated to a high temperature. The ;8-radiation from 
this tube could be measured by its external ionising 
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effect; this /S-nuiiation is due, as we have seen, to 
the product radiiun (J, contimially produtu-d hy tins 
emanation. It was found that after h<*atinM for an 
hour to a bright nsl, or y<*lIow heat, tlse /8-a<divity was, 
on cooling, ntduced by soniething like b per (-ent. of 
its initial amount. Tlie lost activity was reeovertHl in 
the couims of an hour, however. This ti;in|K>rary 
change due to heating is HUjM'rposed on th(» onlinary 
decay of tho emanation to half in about four days, 
which apjKjars to go on (piite indeiMiudently. 

Not only is tlu? Ikicquond radiation almost unaffected 
by tomperaturo ; the rate at which heat is lilasrated is 
unaffected also. Just as much heat is givt?n off by 
rjulium mainhiined at a lf>w tem|x*rature as at tho 
ordinary temjsoraturo. Tliis luss b<!on shown by some 
experiments of M. Curie, enrried out in conjunction 
with Professor Dewar, The methtsl a<loptftd difbirtsl 
from those by which the earlier exiMudments were 
mjido. It dcisendod en tho evaporation of a licjuefied 

gJW. 

To toko a specific case, let us considf‘r tho evapora- 
tion of liquid Iiydrogen, This liquid when btdling is 
only sf»mo twenty degrees above the absolute ^tro of 
temperature. Any Iicsat which obtains access to this 
liquid at its Iwiling-point instantly caus«?s iM-tual 
ebullition. Now, no matter what precautions may Isi 
taken in tho way of sensming off external heat hy 
vacuum jackets or wool wrappings, some is certain to 
find its way in and cans© the liquid hydr»»gen to lioil. 
This boiling would interfere with the ex|»*riments ; 
in order to avoid it tho liquid hydrog«‘ii ve««<l was 
immoniod in a larger vessel, also containing liquid 
hydrogen (fig. 26). Blight ebullition in tin* outer 
V(»8el was unimixirtant ; since, however, the temf»*ra- 
ture of the outer ve^l could not rise als»ve tho 
boiling-point of liquid hydrogen, the access of heat to 
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tlio inner vcbsoI was prevented, and the liquid in it 
was perfectly quiescent. 

As soon as a sealed tube containing radium was 
introduced, the liydrogen in the inner vessel began to 
boil ofh That would occur with any substance, since 
some ebullition may occur in the process of cooling 
it down to the low temperature. After that no 
further boiling would occur in ordinary cases. With 



Fifi. of tho <»f mtUtmi at tho of liquid 

mlr or liquid hydisiftii. A double- walliMl voh#©!, a (vacsuum jactkeUid), containa th0 
lk|Uid liydrtj^etu l*h«> milium, h, in a lube, In immor^d in and aiu»0i 

tbullillon. Thg fvidvtd pw U eoUtcded over water In d, In a graduated tube, i. To 
pwwit lh« mnmm of oxtonial h»t, a ii iiitm«r»ed In an outer vewol, c, abo eontidniiig 
liquid bydrogon, 

radium, however, the boiling wont on quite steadily 
and uniformly, as long as there remained any liquid 
hydrogen in the vessel. Hiis is duo to the heat 
steadily given off by radium, which we have discussed. 

The volume of gaseous hydrogen liberated by the 
boiling evidently gives a measure of the quantity of 
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heat libei'ated. The evolved hydrogen was measured 
by collecting it in the ordinary way over a pneumatic 
trough, in a graduated tube. It is, of course, neces- 
sary to know how much heat is liberated in boiling 
off, say, one litre of hydrogen. This, however, has 
been determined by standard experiments. The first 
determinations seemed to show that even more heat 
was liberated at the temperature of liquid hydrogen 
than at the ordinary temperature. More accurate 
experiments, made later, led to the conclusion that 
the rate of evolution of heat was unaffected by cooling 
in liquid hydrogen. 

The contrast, in this respect, between the changes 
going on in radium, and ordinary chemical change, 
is very striking. There is only one chemical reaction 
— the combination of hydrogen with fluorine — which 
is not arrested by cooling to this extent. The 
enormous majority of chemical changes are altogether 
stopped by cooling to the temperature of liquid air, 
which is, on the absolute scale, some four times hotter 
than liquid hydrogen; almost all of them are pro- 
foundly affected by changes of temperature. The 
changes occurring in radium are but very slightly 
influenced by heating or cooling. 


CHAPTER VI 


RADIO-ACTIVITY IN THE EARTH AND IN THE 
ATMOSPHERE 

It was mentioned in Chapter II that soil contained 
traces of radium. We shall now describe some of 
the experiments by which this has been proved to 
be the case. In the first place, it is found that the 
air in cellars or caves possesses a marked ionisation.’ 
This has been traced to the presence of radium in the 
soil; the emanation of this radium diffuses into the 
air of the cave or cellar from the surrounding soil, and 
ionises it. The same effect ban be obtained still more 
conspicuously by sinkiilg a pipe into the earth, say 
a yard down, and suckiflg up a sample of air from 
the soil. Such air possesses marked conductivity ; 
the conducting power falls to half its initial value in 
a little less than four days. This shows that it is 
due to the radium emanation. 

Soil is derived from the weathering of hard rock ; 
we may expect, therefore, that hard rocks should, 
like clays and soils, contain traces of radium. The 
decomposed material, constituting soil, is readily able 
to give off its emanation, as we have seen. The same 
is not usually true of the parent rock. In this case, 
and particularly if the rock is an igneous one, such as 
granite or basalt, the emanation remains locked up in 
the pores of the close-grained material, and will not 
come out. We can, however, show that radium is 

^ This ionisation is much larger than that observable in closed vessels^ 
which will be discussed later. 
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present in tliests inuterials i>y tlcH-omposini^ sjiinples of 
them by cheinieiil means. Whtm this is done, the 
emunatiftn is relensfui, and <'an he tleteett-d by tlie 
eharact(*risti<i diwdiarj^ing power. ( Jraniie, and other 
igneous rocks, are aggregates of a nuinber of distinct 
minerals. Tlie gr<!at bulk of the nw’k is made up tin 
the case of granite) of three mitu'rals, quartz, felspar, 
and mica. Minute amounts t»f otljt*r mintsrals are, 
however, present in most if not in all eas«'s. In all 
probability trace.s of the ra«Hum-l>earing minerals are 
included ; ami tins raditim (*xiHts in this f«irm rather 
than as an impurity in tins main constituents. More 
information on this point might be gained by washing 
away the lighter partich'S of (juartz, felsjair, and mica 
from powd<;red granitis ; it is then to be t‘.x{H*(;ted that 
the radiiHictivo minerals, which are all very lieavy, 
would constitute jairt of tho residue. 

Much more active than any ordinary soil or rock 
is the d(s|K>Hit left hy the water of certain thermal 
springs. Tlio author lias fouml strong <»manating {anver 
in the (hsjKwits of Bath anti Buxton. The \vat<*r of 
these springs rises from great depths Isdow the earth, 
and reaches tho surfatM* very hot. At Bath tho 
temix>r3itnre of tlie water at tin* spring is higher than 
can easily bo iKirne. As the water emds it de|K>sits 
a fine red mud in tho tanks and pita's. TIu.h mud is 

± .......If...... .1? f t . 
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radium that might be present in the form of insoluble 
radium sulphates. Eadium sulphate is one of the 
most insoluble salts known, so that the quantity of 
radium remaining unprecipitated is necessarily very 
slight indeed. Whether the water is saturated with 
radium sulphate has not yet been decided. 

The author has estimated the quantity of radium 
annually delivered by the spring as about j of a 
gramme. This, if isolated, would be a quantity not 
to be despised ; but to separate it economically from 
the vast mass of water and saline material with which 
it is associated would be quite impracticable. 

It is interesting to note that the Bath spring yields 
helium as well as radium. If the surface of the water 
over the well of the King’s Bath be watched, bubbles 
of gas will be seen to constantly rise to the surface 
and break there. The gas has been examined from 
time to time by various chemists. The earlier in- 
vestigators reported that it was mainly nitrogen. 
After the discovery of argon it was realized that 
the purely negative tests, before considered sufficient 
to identify a gas as nitrogen, were insufficient ; for 
they do not distinguish it from the other inert gases, 
helimn, neon, argon, krypton, and xenon. 

In the light of this discovery Lord Eayleigh 
re-examined the Bath gas, with the idea that it 
might prove to be mainly argon. This hope was 
disappointed ; for the gas was found to mainly con- 
sist, as had previously been supposed, of nitrogen. 
The percentage of argon in it was not very different 
from the percentage of argon in the atmosphere ; but 
the interesting observation was made that the gas 
contained about one part of helium in a thousand, by 
volume.^ 

^ Professor Dewar has subsequently utilized the helium of the Bath 
spring in his attempts to liquefy that gas. He has found that this helium 

L 2 
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Tho pr<*Kcn«’t3 of In-Hum, it fiimmt Iw dutihk**!, in 
connected with the prewui-e **f radium.' It in not 
neceiis^iry, howevi-r, t«» a.-'Hnim- that any i^{«‘eiiil al»uii- 
dance of ruditenetive inati-rial Hea at tin- r«»<>t tif the 
Hpring. It may wtdl ha%'e d»-rived ita hUpplie.s fnan 
the Kinnll amount eontaiuetl in m dimiry rm-kn. Water 
at a higli temjM-ratur«* and und**r yreat pn hHure may 
he KupjHJHod to Im? altlo to dl.-^^^dve out ra«lium with 
oth(‘r ('.oiiKtituenta, Wlieii the ^vater eiHiI?», on eominji; 
to tluj Burfacr*, it ini no lon«er wj well ahle to Iiohl 
rjuiiiim in wdution, ho that a preejjdtak-. eomparatively 
ri{di in nMliiun, in thrown down. The hulk of tin? 
other couHtituenfa in nfill retained in nolntion. The 
jiction of thiTinal HpriiiKH in ihtw to eoneentrate radium 
contained iri the ria-ka U-iow. 

Many Hamplea of ordinaiw well watern wliii-h have 
pcjnailated thfoimh tln^ wul are found to eankiiii 
radium emanation in dilution. The «*inaiinti«ii ia 
fairly Holuhle in water, eouaidrTahly more ho than 
oxyg<*n <»r nitroj^en, thi»u«h lenH than earlxitiie acid. 
ThuH thc« (liHHolved gaHM-H hoilinl out from the wakfi* 
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In the case of the Bath springs, the water contains 
far more emanation in solution than corresponds to 
the dissolved radium. The gas bubbling up to the 
surface also contains emanation. It is evident, there- 
fore, that the water has only brought up a small part 
of the radium contained in rocks to which it has had 
Jiccess. 

Crude petroleum and natural gas often contain a 
great deal of emanation. The emanation has been 
found by laboratory experiments to bo far more 
soluble in petroleum than in water. 

Wo have considered in the hxst chapter the pos- 
sibility that the sun’s heat may bo duo to radio- 
activity. It was seen that there was something to 
bo said in favour of that view. Now the internal 
heat of the earth, which manifests itself in volcanic 
activity, ha.s long boon thought to bo of the same 
nature as the sun’s heat. Owing to the relatively 
small size of the eai-th, much more of the primaeval 
energy has been supposed to have been radiated away. 

If, therefore, the sun’s heat can bo supposed duo 
to radio-activity, it is necessary to consider whether 
the same explanation of the earth’s internal heat can 
be entertained — whether in fact the earth contains 
enough radio-active material to account for the 
amount of heat it radiates into space. 

We cannot, unfortunately, obtain samples of the 
deep interior of the earth. The deepest mines are 
only one mile deep, or less; while the distance to 
the centre is 4,000 miles : so that the specimens wo 
can examine do not necessarily represent the earth’s 
interior, any more perfectly than, say, the peel of an 
apple represents its interior. Moreover, there is good 
reason to be sure that the core of the earth must bo 
of different material. For the density of the globe 
as a whole is known to bo about double that of the 
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rocks of its crust. It is uow vi rv cituiiimuly sup- 
poscil that the interior may hr compohid of inetnilic 
suhsfaiK’cs, 

The amount of lu'at tin* earth uives »»ut is ;iji{troxi- 
matt ly kiitmii. The ti ni}»eratnre rises hy ahoui ujjo 
di'^rei* Fahrenheit for every sixty feet of dej*lh. If, 
tlierehire. We eousider a shell of rock, sixty feet thick, 
hurroimilin« lh«* earth, we know that the inner face 
is one (h'Ki’ee hotti-r than fh«< laifer one. and, knowing 
as we ilo the average coialurting j*o\ver of the rocks 
for Iteat, thi^ amount of h<-at romlueteil out ihrmtgli 
thin ahell eau he rfiiu|»ufed. Also, knowing the lieat- 
ing etfeet ttf railiuni, the ainramt iof that reijuirwl 
tf> keep up the i«np|»ly xviJl folhov. It has Ih'cii 
ealeulaied that alaitit 27tt fons wouM snflici». Ilreeiit 
tletenuiuafionH hy the antlutr t»f the aniount of radium 
in rtM'kx show that iilin«*st all ro«’k»< eoniaiti far itif»nt 
rndiuin— }«*fluipH, t*n the av»'rii«e. some thirty to forty 
times more “ than woiihl Iw’ rupiin d t** make tip this 
total, if the earth wen* of the sani** eftrnjHwitiun 
tlirraighout. It seems highly pr«»ha!de. there fore, that 
the ijif<*rnal heat of the earth is ihie to radium, imd 
ijtiife I'eilain that there must la* miieh les« radium in 
the tleen interim* than at the surfaet*. 


the atmiwpht*re eontains moltisaictix’e matt«»r. Their 
experiment was m follows; . A long negatively elet> 
trifled wire was hung up in the ojs'n air, ami after 
exfatsing it for »miie hniirs, it was ended up f« maiinins 
alikMlintettsinns and ti-slisl for riidi*sartivify with the 
ekHdromstpi*, Tim iv«tiU was to show that tin* wi«,< 
hail hee<»ino aeliv®. No effert of this kiiul i» ol»s««rved 
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deposit formed by the degeneration of the emanation. 
Thus it is fair to conclude that the active deposit 
collected by a negatively charged wire in the open 
is due to the presence of a radio-active emanation in 
the atmosphere. 

The rate of decay of the active deposit from the 
air has been carefully investigated. The activity 
does not fall off according to the simple law of com- 
pound interest, l)ut behaves irregularly, like the 
active deposit of radium. It is, of course, more 
difficult to compare two irregular decay curves than 
two regular ones, since the shape of the curve depends 
on the time of exposure ; but, upon the whole, it 
appears fairly certain that the active deposit obtained 
in the open indicates the presence of both thox'ium 
and radium emanations in the atmosphere. 

There is another and simpler way, in which the 
active deposit of the atmosphere may bo collected. 
Mr. C. T. R. Wilson observed that freshly fallen rain, 
quickly evaporated to dryness, loft a radio-active 
deposit on the basin in which it had boon boiled 
down. The same effect is obtained from snow or 
hail. The active deposit thus collected dies away 
in the same way as that collected by a negatively 
charged wire, and is almost certainly identical 
with it. 

The amount of activity to bo collected from the 
atmosphere varies very much according to locality 
and circumstances. Elster and Goitol carried out a 
systematic series of measurements lasting over a whole 
year. The largest activity they obtained was no less 
than sixteen times the smallest. These experiments 
were made at Wolfenbuttol, in the middle of Ger- 
nmny. Mr. Simpson has recently made experiments 
in the extreme north of Norway, witli the interesting 
result that the activity there is seldom less than the 
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very highest ever found at Wolfenbuttel, and on one 
occasion seven times as large. During these experi- 
ments the ground was covered ■with deep snow. 

It lias been found that wind is favourable to large 
radio-acti-vity. This is not surprising, since larger 
quantities of air come within the range of action of 
the charged wire when a wind is blowing than when 
the air is stUl. 

The most probable source of atmospheric radio- 
activity is radium emanation, which has diffused out 
from the soil, and thus found its way into the air. 
If this is the true explanation, we should expect less 
activity on the sea-coast than inland ; this anticipation 
has been found to agree with experiment. But it 
would be rash to infer too much from this until more 
•extensive measurements have been made, especially 
in mid-ocean. 

When the barometer Mis, and the pressure of the 
air becomes lower, the air imprisoned in the pores 
of the soil will be to some extent forced out into 
the atmosphere above. Thus high radio-activity in 
the atmosphere should accompany a low barometer. 
Elster and Geitel have found that this usually is the 
case. Sometimes, however, the radio-activity quickly 
increases when the barometer is rising. The explana- 
tion of this is obscure. But it must be remembered 
that wind and other causes probably intervene. The 
whole subject affords an interesting field for in- 
vestigation. 


APPARENT RADIO-ACTIVITY OF OEDIXARY SUBSTANCES 

A gold-leaf electroscope, well insulated, and placed 
in an. exhausted vessel, will retain its charge for very 
long periods. Sir William Crookes, many years ago, 
made an experiment on this subject. He himg up 
a pair of gold leaves in an exhausted glass bulb, and 
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found that they reinaiiUMl diveJXfnt for iiiontls.-i. It 
is found, howeve r, that if air lit* adiuitti**! to tho 
Vt sfad, tiu* U avos I to not n taiu thoir charsio for n!<*r«‘ 
t!um u inodorato niiniWr of hours— inThaps twenty* 
four or thirty-six hours. 

For a long tiriie tiiis was n^gardol as due to a 
failure of the iusulatioig owing to the ail miss-ion of 
dust or moisturi* with th«‘ air. But the suhjts.*t ditl 
not attnict much att€*ntioii, and its itnjHtrtanee dot s 
not sooni to liave Im ii realized. 

Some of thttsi'tvho knew tlie facts and tht v wort' 
ftnv --seeiii to have considered that the e>e£q;te of 
electricity was due to a Imish or spark discharge 
through tht' air, hy' which the t lectrit.ity rscaix-tl 
from the leaves. But there is a fatal ohjeeti'in t«> 
Buch a view; for a brush discharge cannot «»eeur iii 
air unless the electric stress amounts to souietiiing 
like thirty’ thousand volts per ceutimetre. In the 
experiments w’e liave meatiou»‘d it is in«>re like one 
hundred volte jaer centimetre ; so tluit this explanatioii 
is untenable. 

Light was first thrown on tiie subject in some 
experiments by Mr. C. T. R Wilson, He fouinJ that 
the current whicli leaked away from the leaves l>ecaine 
saturated— thiit is, tluit it was independent of the 
elect Ksmotive force if the latter Wiis largre enough. 
Further, he found that the relative ionisation in 
different giises was the same a. 
fi»r the same gai!«.is W'lien strongly ionised l>y the 
Keequerel ravs. Taking th 
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of the walls of the vessel. For instance, in some 
experiments by the author it was found that when 
the walls were lined with platinum, the rate of dis- 
chai^e was three times as great as with zinc. It was 
found, moreover, that the rate of discharge, though 
quite definite with a given sample of platinum, was 
different -when another sample was employed. The 
most natural interpretation of this result would be 
that the activity was due, in part at least, to the 
presence of a trace of some intensely active substance, 
such as radium, in the platinum. This would explain 
quite satisfactorily the want of constancy ; for some 
samples would be sure to contain more of the im- 
purity than otliers. 

There are, however, reasons for thinking that, after 
aU, the greater part of this apparent activity of 
ordinary materials must be of a different nature to 
the activity of radium. We have seen that the 
internal heat of the earth puts a superior limit upon 
the amount of active matter it can contain. The 
observed leak due to ordinary materials is about a 
ten-thousandth that due to uranium ; and the heating 
effect to be expected from this amount of activity 
would produce a far more rapid increase of tempera- 
ture as we descend into the earth than the actual 
increase of 1° P. in sixty feet. Ho doubt some allow- 
ance must be made for our uncertainty as to the 
nature of the interior. But no known material gives 
nearly a small enough leak to afford an escape from 
the difficulty. 

The most plausible explanation seems to be that 
though the materials do emit a-radiation from an 
exp<®ed surface, their activity is merely superficial, 
and do^ not indicate a genuine radio-active change 
throughout the mass. 

Tha^ {K>nsiderations apply to o-radiation only. 



KADIO-ACTIVITY IN THE EAKTH i:*j 

Tlifre is !i!> siifli difficulty alxmt ^ foj 

tills would Hot (‘oiitributf Sfiisildy ti> the oi 

htat It is difficult to detcmimo exjurinietitaliy 
wjutlur onlijiary uiatorials tiuit ^-mdktion or not. 

.V very iiiti'resting diseovery was iiiiMio at aluHit the 
sattji* tiiHo by I’roft'ssar Maelennan and Mr Burttin 
at Toronto, ami Mr. II. L. CfXikt* at Mtintn-aL it 
•was found that the rate of dischargt' of an t nel<»s«Hj 
elc>t'trosco|X‘ eontainim? air could lx* diminish^*! by 
building a thick screen of lead round it, or by 
immersing it in a tank of water. The diininution 
produced w^is abiiut one-tinrd 
the whole eotiduetivitv. 

It se*!*!!!?, then, that there must e-s-ist everywhere 
extremely {HUietrating rays, wdiieh are aide to get 
through ordinary thieknefist*s of metal, and which can 
prixlnce ionisation in gjist*s, but which can lx* stopjxd 
by great thicknesist?* of metal or water. These* rays 
are, so far at least, of the same nature* the ^s-rays 
of radium, and their penetrating |>ower seems to lie 
about the same. 

Mr. Cwke made isome experiments to find out 
■what direction these rays Ciinie from, whether from 
tlie earth, from the sky, or from a horizontal dlret> 
tion. He placed a thick metal screen first over the 
top of the eiectroBCopc', then at the sitle, then under- 
neath. The first set of exjxrimente set*med to show 
about the same diminution of effect in each of these 
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investigation. Some experiments of the author on the 
amount of y-radiation from various rocks are not very 
well accounted for on that view. It was found that 
scarcely any penetrating radiation was given off by 
the oolitic limestone of Bath. Yet the limestone 
contains as much radium as other rocks, which give 
far more of the penetrating radiation. 

Mr. Campbell has given an account of some experi- 
ments which have led him to conclude that, in the 
case of some metals, the apparent radio-activity of the 
walls of the vessel is due in part to a kind of secondary 
radiation set up by the penetrating radiation from 
outside. This is analogous to the behaviour of heavy 
metals when transmitting the Rdntgen rays ; they are 
known to give off a secondary radiation, much less 
penetrating than the primary. 

It will be seen from this brief sketch that the subject 
of the apparent radio-activity of ordinary materials is 
a subject of great complexity. No doubt in a short 
time it will be possible to give a far more satisfactory 
account of it than at present. 


CHAPTER VII 


TUB t'lTIMATE PRODUCTS OP RADIO-ACTIVE 
CHANGE 

We have followed in Chapter V the changes occur- 
ring in radium, and the other radio-active elements, 
so far as those are known. It must be observed, 
however, that in all probability many more changes 
occur than are yet recognized. This applies to the 
intermediate stages of a series, as well as to the final 
ones. Thus, for instance, very short-lived products, 
like the emanations of thorium and actinium, could 
scarcely have been detected, if it had not been for the 
fact that they are gaseous. There would bo no time 
to separate such a product, before it had decayed, if 
chemical methods had to bo used — such methods, for 
instance, as that described for separating thorium X 

Again, the question of what becomes of the material 
after its activity is apparently all gone remains to 
bo faced. The last stage of the activity of radium, 
radium A', appears to decay according to the usual 
law, the quantity falling to half in about five months. 
It is by no moans certain as yet whether all the 
activity will disappear in this way. Yet another 
prrduet of much smaller but much more persistent 
activity may eventually be found to remain when all 
the radium F has gone. This question can only be 
decided after many years have elapsed, so that the 
radium F has had time to decay. 

The activity of uranium X, and of the thorium 
deposit, very possibly do not vanish, but have a small 
residue, not yet detected. 


il 
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In course of time, however, the nctivity must dis- 
appear ; for the quantity of energy originally present 
was limited, and cannot keep up Bec<piorol radiation, 
with attendant liberation of heat, for over. We are 
face to face, tlien, with the question, What becomes of 
these products when they have lost all radioactivity 
— when, in fact, they have ceased changing, and have 
settled down to a permanent (!ondition ? 

At most stages of the change, t{«>, a-particles are 
emitted. It is necessary to consid(‘r wliat becomes of 
the material whicJi constitutcjs these particles. 

Wo have seen how o.xcetsdingly minute art! tho 
quantities involved. While tho raditKictivity lasts, 
that scarconesB does not altogether bar tlio investiga- 
tion of their projxirties. For it is possihlo to asctsrtain 
tho prosonco of tho various products, and to mesasuro 
their rolativo amount, by observations on their radio- 
activity. Iii fact, such observations answer, in largo 
measure, tho same purpf»st) as would l>o attaiiied by 
seeing and weighing tho suhstamjes. 

When, however, tljo radio-activity lujs gone, wo 
can no longer employ this methml, and tho difficulty 
of pursuing tho investigation further bt’comcs very 
groat. In tho first place, it will be rornemljored that 
radium was found in etjrtain minerals. How, if 
radium is degenerating by suajcssiva stages into some 
other substance, is it not rojisonablo to assume tliat, 
in the course of countless ages, the radium in minerals 
will have generated a fair amount of such pnaluets? 
If this bo granted, wo must ctjnsider what other sub- 
stance is present in all the minerals which contain 
radium. 


ft 

tl 
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There is one substance in particular, howcvei-, 
which is present very pei-sistently in the radio-active 
minerals, and which in some ways seemed to bo a 
likely product of radio-active change. This is the 
element helium. 

It will bo desirable to digress somewhat from our 
subject, to give an account of this gas, and the history 
of its discovery. 

Lord Riiyleigh had for many years been determin- 
ing the density of gases, with a view to attaining the 
highest po.s.siblo precision. All previous experimenters 
who had determined the density of nitrogen, the inert 
constituent of the atmosphere, had contented them- 
selves with removing the other known constituents 
of the air, and weighing the inert residue as pure 
nitrogen. Lord lijiyleigh, however, considered it 
do.sirablo, as a measure of precaution, to determine 
the density of nitrogen from other sources, such as 
ammonia, or nitric acid, in addition. Ho found, to 
his surprise, that those chemically prepared samples 
of niti'ogen wore all consistently lighter by about 
one part in three hundred than the nitrogen of the 
air. This was a very surprising result. For no one 
doubted, at that time, that the nitrogen of the air, 
and the nitrogen of saltpetre, or, what is the same 
thing, of nitric aedd, were identical. The general 
tendency was to attribute the discrepancy (which 
after all was not large) to some oversight. But 
further experimenting entirely confirmed its reality. 
And, in the end, it was found (by Lord Itayleigh and 
Sir William Ramsay, working in collaboration) to 
bo due to the presence of a hitherto unsuspected 
constituent of the atmosphere, of about one and a 
half times the density of nitrogen, present to the 
extent of about one per cent. In order to obtain it, it 
■was necessary to absorb the nitrogen in which it existed. 
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Nitrogen is very inert. It was, and in Home degroo 
still is, a matter of groat difficulty to imluco it to 
enter into chemical com})ination. Ono of tlio methods 
adopted for absorbing it was to submit tho gas to 
the action of rod-hot tnagnosium. Tho absorjjtion 
is very slow. But in tho ond all tho nitrogen taken 
was induced to combine with magntssium, and a 
residue was found to rtunain over, whifdi rofuHfjd 
to combine. This inert rosi<hu5 was ttwnusd argon, 
and it was found to bo absolutely indiffortmt to ovesry 
chemical roagont, however active. It appcfarod, in 
short, to bo incapable of entering into combination 
with any other substance. We have stsen that in tliis 
respect it resombIo.s tho enuinations of ratliuin and 
thorium. 

After tho discovery of argon, it I>ecamo clear that 
caution was necessary iKsforo any inert gas which 
might bo encountered in nature could 1 m* accepted 
as nitrogen. It had bocm usual, in analysing gnstts, 
to tost for the oxygen and for hydrogen carlstnic 
oxide and comhustiblo gascss generally. The in<fi*t 
residue was ontorod, without iurther examination, 
as nitrogen. It was for tins rejison that aigen had 
remained so long undoUxjted. But, at last, it Iia<l 
boon realized that tho inert rcsidms must Imj more 


Now it was known that certain minerals, notably 
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strong line in the yellow near the lines due to sodium. 
He had not been able to identify this line as due to 
any known terrestrial substance, and had concluded 
that it was not due to any such substance, but to an 
element present only in the sun. He accordingly 
named it helium. The characteristic helium line was 
afterwards observed, not only in the sun, but also in 
many of the stars. 

When the light emitted by the cleveite gas under 
the influence of the electric discharge was examined, 
it was found to give the characteristic yellow line of 
helium. Terrestrial helium had at last been found. 

Helium is quite inert chemically, like argon. It 
cannot be made to enter into combination with any 
known substance, nor can it be induced to recombine 
with the original mineral when it has once been driven 
off by heat. 

Helium is a very light gas; its atom is only four 
times as heavy as that of hydrogen. It is even more 
volatile than hydrogen, and enjoys the distinction of 
being the only gas which has yet resisted liquefaction 
by cold and pressure. If its liquefaction shotdd ever 
be achieved, we shall be able, by using the liquid, to 
produce a lower temperature than in any other way. 
The anticipation is that a temperature removed by 
only five degrees (centigrade) from the absolute zero 
would be attainable. 

The suggestion that helium might be found to be 
an ultimate product of radio-active change was first 
made by Professor Eutherford and Mr. Soddy. The 
honour of showing that radium did as an undoubted 
fact produce helium is due to Sir William Eamsay 
and Mr. Soddy. The observation is one of great 
difficulty, and nothing but the highest experimental 
skiU could have brought it to a successful issue ; for 
the quantity of radium available to experiment with 



is noccssjirily sniall, aii<l tho yitjlti of Iiolimn ahnost 
inconceivably minuti*. 

In order to recognize tho proKcnco of hclinm it is 
nocossary, jis wt* have sjtitl, to pass an i‘!iictric dis- 
charge through the gjw, and it) exainitie tise hnniinwity 
which results by means of the sj«*etrosco|M*. The 
luminosity of tho gas under the electric; discliJUTge 
is groatcfst when at a low pressure, |Mfrhaps one- 
liundredth part of tins atna^pheric pressimj. This 
circumstance is favourahie when, as in the piesent 
case, the quantity available for exiairiment is almost 


sure under tho influence of the eU’ctric discliargo, the 
form of tulxi doviiwl by Plttcker is coiiinnaily cm* 
ployodd Sir William Itninsay and Mr. H*Midy mn- 
structod a tulw of this kind of the siniilk»t jsissihlt} 
volume, HO as to amnomizo gas to the uttermost. They 
oxliaustod this with tho moremr pump, so as to got 
rid of all traces of air. They then intrcsluccsl the 
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the pure emanation was successfully transferred to 
a small Plucker tube. 

The spectrum of this gas was observed immediately. 
It appeared to be different from any known spectrum.^ 
After a few days, however, this unknown spectrum 
was found to have faded away, and the helium spec- 
trum had asserted itself in its place. The yellow 
line known as D^, first observed by Sir Norman 
Lockyer in the sun, and subsequently observed in 
terrestrial helium, could be distinctly observed. In 
short, the emanation had turned, partially at least, 
into helium. 

It would scarcely be too much to say that this is 
one of the most important experimental results ever 
attained in chemical science; for it is the first re- 
corded instance of a transmutation of the elements. 
There are some seventy elements known. Of these 
a few, principally the common metals, such as iron, 
copper, tin, lead, gold, were known to the ancients. 
The large majority, however, have been left to modern 
science to discover. Up till recently all attempts to 
produce any one of these substances from another 
had failed. The alchemist’s dream of transmuting 
silver into gold is familiar to all, though why silver 
should be a specially more promising material to 
produce gold from than any other is not, from the 
chemist’s point of view, very apparent.*® It may have 
had its origin in some vague notion that as silver 
and gold were both ‘ noble ’ metals, there might not 
be much difference in their nature. In spite of the 

^ Sir William Ramsay and Professor Collie have since made a detailed 
study of the spectrum of the emanation. It can only be observed with 
difficulty ; when obtained it resembles those of the inert gases, argon 
and its companions. 

^ This was a sufficient reason for feeling great scepticism about the 
alleged success of an American attempt to produce gold, which achieved 
some notoriety a few years ago. The process was to hammer silver at 
a very low temperature. 
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entire failure of any ehemical |>nK'c.«H <»f .solutam, 
dintillation, or i)nH'ipitati(m to effoc.t tlw' ,MJna!I<-8t 
tranHinutation of tlu! eksnunils, it was felt that tiion* 
must bo Hoino solution to tlus ritldlo of their Heparato 
oxistenoo, and that that solution was not wholly 
btyond what s{‘.i<>ne(!! might Ijoikj to roaeh ; for there 
wore hints of a eonnexion between tin* elements - 
hints, in fact, that tla-y all formwl part of one 
Hcluuno. 

It was noticed that when tin* weight of t!i(» other 
atoms ivas expresscal in terniH «»f the Witight of tint 
hydrogen atom, tlm lightest of all, they a|>prr>aehfKl, 
in many instantxjs, very closidy to wlnde numbers. 
The other atoms were very nearly an exact numlair 
of times us heavy as tlie hydrttgen atom. It was not 
at first unnatural to iissurne that an t*xnet law of nature 
was in question, and that the departure of the atomic 
weights fnun whohs numberM was due to the unavoid- 
able errors of exiioriment. 

Such a theory was very attnadive, for it would 
almost irrcisistibly leiwl to the twjnclusion tliat the 
other atoms were built u|> of a iiuml>c*r of hyilrr^eu 
atoms. At the timts the theory Wiw propouialed, no 
gmit Mtriiining of the observed facts seemeil to 1«» 
nocotwnry in order ti> bring them into harmony with 
it; for the oxissrimcuits undoubtedly in many <awes 
|K)inted very nearly indmid to the exjw't whole 
numbem, and it is latyontl doubt that the tejideticy 
of experimenters is to l>e far Un* sanguine as to tint 
accuracy which their moasiiromeuts have nchiovetl. 
It is easy, after nntking a number of eoncordaiit 
mMsuromente, to fool confident that the error of tins 
result cannot much exfjeed the diffc!reiM>«'s Imtwis'n 
the several measurements ; but such conclusions must 
be acwptod with very grout caution, for criiiHtaiit 
errors may creep in whicli are often hoid Ut debtct, 


PEODUCTS OF EADIO-ACTIVE CHANGE 165 


and which affect every measurement equally. As a 
simple example, we may carry out a weighing as 
often and as carefully as we please; but however 
accurate the standard weights may be, and however 
carefully they may be adjusted to balance the object 
which is being weighed, the result will be erroneous 
if there is any inequality in the length of the arms 
of the balance. 

This happens to be a case where the error can be 
guarded against. It is merely necessary to exchange 
the weights and the object which is being weighed, 
and to place each in the pan formerly occupied by 
the other. The weights should still be equal, and 
if they are not, the balance is known to be in fault. 
But there are many eases in which such errors may 
occur, and where it is almost impossible to foresee 
them. 

The process of taking a large number of measure- 
ments affords no security against this. And even 
when different methods are used, there may be 
constant errors affecting them both to something- 
like the same extent ; this produces an apparent con- 
cordance, which gives false confidence in the accuracy 
of the result. 

It became, then, necessary to make a most searching 
investigation of the exact values of the atomic weights, 
in order to arrive at certainty. This task was under- 
taken by Stas, and, as the result of the labours of a 
lifetime, he came to the conclusion that the law of 
whole numbers was not in accordance -with fact. 
The most decisive case was that of chlorine, which 
came out almost half-way between two whole 
numbers — thirty-five and thirty-six. 

But when this has been admitted, it remains a 
fact that the majority of the atomic weights are 
very near whole numbers. It has been often thought 
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that this must bo tho result of clianco. But there 
is reason to fool practicuilly corhiin tliat such is 
not tho caso. We can calculate, i>y tho theory 
of probability, tho chance that the numbers, if 
assigned purely at random, should, on thti average, 
deviate so little from whole numlMjrs as they do. 
A calculation of this kind has Ikkmi niatlo by the 
author. Tho methods of calculation arc not suited 
to a popular book. But the result was to show a 
chance of something like a thousand to one against 
the deviations from whole numbers l^ung so small 
as they are, if they wore governed by nothing but 
chance. 

This, then, gave a very good reason for concluding 
that there was some intimate connexion Imlvrmn tho 
atoms of different elements, though it was, and, of 
course, in large measure still is, impossible to say what 
the nature of that connexion might l>o. 

This was not the only reason for suspecting that 
different elements might, in reality, have a common 
origin, in spite of the failure of all experimental 
attempts to break down the barrier between them. 
The most important genoralkation, known a« the 
Periodic Law, pointed strongly in tho same direc- 
tion. 

This law is not of sufficient precision to easily 
admit of simple and definite statement. But, broadly, 
it is this. Let us make a list of the elements in tho 
order of their atomic weights. Let m also tabulate 
the value of some other m^urable quality of tho 
element, such as the melting-point, the boiling-jsunt, 
or ttie refraction equivalent. 

We shall then find that the properties of the 
element do not increase r^larly with the atomic 
weight, but they show a r^kr fluctuation. Evoiy 
eighth ^owB a return to toe properties of the fimi 
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The best and clearest example of this is found, not 
in the properties already mentioned, but in the atomic 
volume of the element. The late Professor Lothar 
Meyer of Tubingen was the first to draw attention to 
the striking periodicity of this property. 

The atomic volume of an element is defined as the 
quotient of the atomic weight by the density. If we 
take quantities of the different elements in the solid 



Fig. 27. Meyer^s curve, showing dependence of atomic volumes on atomic 

Horizontal distances represent atomic weights ; vertical ones atomic volumes. Earn 
element is denoted by its chemical symbol. The atomic volume alternatdy mcr^ses and 
diminishes as the atomic weight increases. The elements of very high atomic \m\gh% are 
included, for theie are so few of them that the further course of the curve is not clearly 
indicated 


state, proportional to their atomic weights, then it is 
evident that these quantities will each contain an 
equal number of atoms. Thus the volumes of these 
quantities are in the same ratio as the volumes occupied 
by their respective atoms. The volume is found by 
dividing the mass by the density.. 

The quotients of the atomic weights by the re- 
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spective densities are in the same ratio as i 
volumes of their atoms, though, of course, not eq' 
to them. We cannot determine the volume of 
atom absolutely by considerations of this kind. I 
we can compare the volume of one atom with that 
another. 

It is found that where the atomic volumes £ 
exhibited on a curve, as dependent on the aton 
weight h that the curve goes through a regular ser. 
of periodic fluctuations. A curve of this kind is giv 
in fig. 27. 

The position for each element is indicated by : 
chemical symbol. The maxima of atomic volur 
always occur at the alkali metals, lithium, sodiui 
potassium, rubidium, and caesium. This cuiwe 
sufficient to show at a glance that the elemen 
are not entirely independent and isolated from oi 
another, but that they aU form part of one comm< 
scheme. 

The periodic law, though eminently suggestiv 
has proved in some respects disappointing. It mig 
be thought that the discovery of this relation wou 
lead to the fovmdation of exact numerical laws co 
neeting the atomic weights of the elements, whk 
would be able to survive the most searching expei 
mental test — laws which would inevitably sugge 
the true structure of chemical atoms and the 
mutual relations. This has not proved to be tl 
case. It has been found that there are exceptior 
and irregularities which make it impossible to accej 
the periodic law as more than a rough approximatio 
to the truth. 

Thus, for example, it is necessary, in order to pi 
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^ On just the same principle as the height of the barometer is e 
hibited as dependent on the time by the trace drawn by a self-record.ii 
barometer. 
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the element tellurium into its proper relation with 
the kindred elements, oxygen, sulphur, and selenimn, 
to assign it a place before iodine in the list of the 
elements. If this were not done, tellurium, and iodine 
too, would be thrown into a position in the periodic 
table altogether inconsistent with their known chemical 
behaviour. Most careful experiments, however, have 
made it certain that the atomic weight of tellurium is 
slightly higher than that of iodine. It seems most 
probable that some disturbing cause exists which 
modifies the atomic weights, not indeed to such an 
extent as to altogether obscure their mutual relations, 
but enough to deprive these relations of numerical 
exactness. 

The problem of the evolution of the elements is one 
of the most interesting and fundamental that science 
presents. Although little definite progress has yet 
been made, the door seems to be open ; and the 
author, for one, feels little doubt that the processes of 
radio-active change which have been observed to take 
place in a few instances, are in reality representative 
of the evolution of all the elements. 

The information which we posses as yet about the 
ultimate products of the degeneration of radium is 
very imperfect. It will be remembered that the 
a-rays consist of heavy particles whose mass was found 
by the rough measurements which were alone feasible, 
and by certain plausible assumptions, to be inter- 
mediate between hydrogen and helium. It is doubt- 
ful whether the measurements are good enough to 
make it certain that the a-particl^ do not consist, on 
the one hand, of hydrogen, or, on the other, of helium. 
The point must remain open for the present. But 
considering the fact that hehmn has been observed to 
be formed in radio-active processes, the balance of 
evidence seems to be greatly in its favour. 
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Moreover, we have seen that the known changes in 
radium take many years to run their full course. 
HeHiun appears after a few days. It cannot, there- 
fore, be anything but a by-product. The a-ray material 
is a by-product too — another point of resemblance. 

These a-rays are thrown off by every radio-active 
body, and the probabihty is that the particles are in 
each case the same. It is true that there is some 
difference of penetrating power in the various cases ; 
but these are reasonably attributable to varying 
velocities. If this view is correct, all the radio-active 
bodies must be giving off the material constituting the 
a-partiele, whether it be hydrogen, helium, or some- 
thing different from either. Experiments are much 
needed on the question of whether aU radio-active 
bodies give off helium. Uranium and actinium, as 
well as radium, have been reported to do so. There 
is no means of telling whether or not inactive by- 
products are generated at each stage of the radio-active 
change. We do not know, for instance, what happens 
when the radium atom gives off one or more a-particles. 
Does this suffice to convert it wholly into atoms of the 
emanation, or is some other inactive substance pro- 
duced simultaneously? The quantities of material are 
too small to enable the question to be answered. 

It wiU, perhaps, be objected that if helium has been 
looked for and found, it is only necessary to apply the 
same methods in searching for anything else, and that 
a decisive answer could in that way be at once obtained. 

Helium, however, is a substance which can be 
detected spectroscopically in extremely small quan- 
tities. It is doubtful whether any other substance is 
known, with the possible exceptions of sodium and 
hydrogen, which lends itself so well to spectroscopic 
identification. 

The reasons for this may easily be explained. In 
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the first place, helium is a gas, and, moreover, a very 
light gas. So that to charge a small Pliicker tube with 
it at a very low pressure, requires a very small quan- 
tity indeed, by weight. In the next place, the gas is 
brilliantly luminous under the electric discharge ; 
and the luminosity is concentrated very largely in 
one line, the yeUow hne Dj, whose position in the 
spectrum is easily identified by reference to the soda 
lines. This brings us to another point. There are 
other substances, such as sodium and hydrogen, whose 
spectra are conspicuous with very small quantities ; 
but these substances are to be met with everywhere. 
It is, for instance, very difficult, if not impossible, to 
prepare a Pliicker tube so free firom moisture that the 
characteristic red line of hydrogen cannot be seen in 
it when the electric discharge is passed ; so that it 
would be very difficult to infer the production of 
hydrogen from radio-active substances by the presence 
of this line. But with helium it is far otherwise. For 
helium is very sparsely diffused over the earth’s sur- 
face, and in the atmosphere. And it is very unlikely, 
indeed practically impossible, that any helium which is 
observed should have accidentally gained admission to 
the tube. 

The majority of the elements do not lend themselves 
very easily to spectroscopic detection, when only 
traces are present Oxygen, for instance, gives very 
little luminosity, and its spectrum is not at all con- 
spicuous or easily identified. 

The metals of the alkalies and alkaline earths are 
in some cases ^ily detected. If any of these occur 
in the products of radio-activity, it may be possible to 
detect them. But here again, sodium, which gives 
the most easily visible spectrum, is so universally 
present in everything, that it would be difficult to 
draw any conclusion from its appearance. 
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We have, then, no definite information as to the 
final inactive product of the radium series. It has 
been plausibly conjectured that lead is the product. 
We may take the atomic weight of an a-particle at 
four times that of a hydrogen atom ; now five such 
particles are beheved to be expelled from each radium 
atom in the course of its known changes. This would 
represent a loss of twenty units in the atomic weight. 
This is very nearly the amount which must be 
subtracted from the known atomic weight of radium 
to bring it down to that of lead. 

Mr. Boltwood has pointed out a circumstance strongly 
confirmatory of this idea. He has found lead in all 
the radium-bearing minerals which he has examined. 
The author has not, however, been able to find the 
slightest trace of lead in the mineral autunite, a 
phosphate of uranium and lime. This may possibly 
be due to comparatively recent origin of the mineral. 
Kadium would, of course, take time to generate 
measurable quantities of lead. 

There is another direction in which we may hope 
to gain information as to the connexion between the 
elements. 

We have seen that radium is gradually evolving the 
emanation. Now, if there is any law of nature which 
experiment has placed on a firm basis, it is the law of 
the conservation of mass. Nothing we can do to any 
portion of matter will in the smallest degree affect its 
weight, so long as nothing is allowed to escape from 
it. When any apparent exception to this law has 
turned up, it has always been traced to a misinterpre- 
tation of the facts. Take for instance the case of a 
burning candle. What has become of the weight of 
the candle when it has all burned away? Experi- 
ment shows that the constituents of the candle have 
combined with the oxygen of the air, and have 
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remained in a gaseous form in tlie air. If we burned 
the candle in a closed globe, the globe would be found 
to weigh just as much after the candle had burned 
away as it did before. And the same thing is found 
in every case. 

It is true that a transmutation of the elements is 
a matter beyond the range of ordinary experience, 
and that it is perhaps rash to feel absolutely con- 
fident that the law of conservation of mass which 
has been deduced from ordinary experience applies 
to such a case. The law, however, has become so 
firmly established in the minds of scientific men, 
that the burden of proof must lie with those who 
doubt it. 

Assuming, then, that the law holds good, radium 
which has generated emanation must weigh less than 
at first. In other words, the radium is gradually wast- 
ing away. Eecently an experimental determination 
has been made of the rate at which the emanation is 
generated. Sir William Eamsay and Mr. Soddy have 
measured the volume of emanation yielded in a given 
time by a known weight of radium salt. Now, as we 
have seen (page 114), the density of the emanation is 
approximately known. Knowing the volume and the 
density, the weight follows ; so that we know what 
weight of emanation is yielded by say a gramme of 
radium in a day. It is evident that we can find, by 
calculation, how long it takes for half the radium to 
tmn into emanation, if we assume that that is the 
only immediate product. The residt is to show that 
this process occupies something like a thousand years. 
We cannot, of course, say how long it would take for 
the whole of the radium to change to emanation, for 
the process gets slower and slower, and does not come 
to a definite end. But, practically, we may say that 
radium cannot survive more than a few thousand 
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years. If another product is produced simultaneously 
with the emanation, the life would be still less. 

Other arguments, of a less direct character into 
which we shall not here enter, point to about the 
same figure. 

How then can it be that any radium has survived ? 
For it is very certain that the earth was in existence 
in much the same condition as at present, many 
millions of years ago. Any radium which formed 
part of its original constitution must have long since 
degenerated. It would not have survived till now. 
There is no alternative but to conclude that radium 
is being iu some way called into existence. 

As before remarked, we cannot postulate the 
creation of matter unless we are driven to it by the 
clearest necessity; so we must suppose that some 
other elementary substance is being constantly trans- 
formed into radium. 

The only question is, What is the parent substance ? 
We have not far to seek for a plausible answer. 
Uranium is contained in all, or nearly all, the radium-i 
bearing minerals. And uranium is radio-active, and 
therefore necessarily itself undergoing change. Is it 
not reasonable to assume that uranium is changing into 
radium? This view is due to Professor Eutherford 
and Mr. Soddy, and has much to recommend it. We 
learned (see p. 123) that uranium was constantly chang- 
ing into a substance which has been called uranium 
X. We saw also that the latter gradually lost its 
radio-activity. In saying this, aH that is meant is, 
of course, that the activity becomes very much less 
than at first — so much less that experiment fails to 
detect any residual activity with the quantity which 
has been used in the tests. 

But it must be remembered -how very small that 

^ Wm ism actjouiit of these, see Brofessor Rutherford^s Radio-actmty, 
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quantity is. The amount of uranium X obtained is 
too small to be detected at all by any test but its 
intense radio-activity. It is doubtful whether it 
would be visible under the microscope, if xmmixed 
with foreign matter. The activity of uranium X, 
therefore, while it lasts, must be very great, even when 
compared with that of an equal quantity of radium. 
So that the radium produced by the decay of uranium 
X might easily be too little for detection ; the apparent 
inactivity of decayed uranium X is accordingly no 
serious objection to the view that uranium may be 
slowly degenerating into radium, through the inter- 
mediate stage of uranium X, and perhaps other inter- 
mediate stages. 

Many considerations render this explanation of the 
origin of radium plausible. 

The weight of the uranium atom is greater than 
that of the atom of radium. This is consistent with 
what happens in other cases of radio-active change. 
For we know that the atom of the emanation is 
lighter than that of radium. The tendency is always 
towards a lighter atom. Eor could it well be other- 
wise, when the process of change is accompanied by 
the expulsion of a-particles from the atoms, and con- 
sequent diminution of their weight. 

There are many minerals which contain radium; 
Mr. Boltwood, and also the author, have recently 
investigated these vuth a view to determining 
whether manium and radium always occim together, 
and also, more particularly, whether they are always 
present in the same proportion. The result has been 
to show that this is approximately so. This fact is 
strongly confirmatory of the view that uranimn is the 
parent of radium. Since the life of radiiun is a few 
thousand years, and since the mineral is much older 
than that, it would be expected that the quantity of 
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radium present would have reached an equilibrium 
value, when the rate of production is equal to the 
rate of decay, just as the emanation from a given 
quantity of radium reaches an equilibrium value. 
This equilibrium quantity of radium would of course 
be in proportion to the amount of uranium producing 
it. That is exactly the state of things which analysis 
of the various minerals seems to reveal. 

Direct experiments have also been made in order to 
observe the formation of radium in solutions of 
uranium initially free from it. It seems probable, 
however, that no quantity of radium large enough to 
be detected by its emanating power is generated by 
a pound of uranium in a year. 

The rate of production anticipated would be far 
more rapid than this. For, if radium loses half its 
activity in a thousand years, a comparatively rapid 
generation must be going on to keep up the supply in 
pitchblende. 

The explanation of this discrepancy is probably to 
be found in the existence of an intermediate product — 
perhaps a rayless one — ^between uranium X &nd 
radium. If we knew how to separate this product 
from pitchblende, we should be able to observe the 
formation of radium from it. Another method would 
be to separate all radium from a sample of pitchblende, 
leaving everything else. The formation of fresh 
radium should then be easily observed. The author 
has made experiments with this end in view, separat- 
ing the radium by adding barium salt, and then 
precipitating by sulphuric acid. This process does 
not succeed, however, for radium is not generated at 
more than ^th of the anticipated rate. Whether it 
was generated at all was unfortunately not definitely 
decided before the sample was lost by an accidenk 
Probably most of the intermediate product was 
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separated with radium, by the precipitation of barium 
sulphate; for this precipitate is known to have the 
property of carrying many other substances down 
with it. No doubt this matter will soon he cleared up. 

The reasoning which shows that radium must be 
continually produced in pitchblende applies also to 
polonimn. Professor Eutherford has given strong 
reasons for thinking that polonium is a product of 
radium, being in fact identical with radium F. For 
both these products decay at the same rate ; both give 
a-radiation only; and both are deposited from acid 
solutions on to a bismuth plate. 

The product radium E must also be present as a 
radio-active element in pitchblende. Professor Euther- 
ford considers it probable that radio-active lead (see 
chap. ii. p. 46) contains it. 

What relationship, if any, thorium and actinium 
bear to the other radio-elements has not yet been 
determined. Thorium, it has been observed, never 
occurs in absence of uranium and radium : though 
uranium and radium minerals do not always contain 
thorium. There is very little thorium, for instance, 
in Joachimsthal pitchblende, the practical som:ce of 
radium. 

If the views explained in this chapter are adopted, 
it would follow that we must regard the intermediate 
products, such as the emanations, and the active 
deposits, as belonging to the same class of substances 
as the ‘ permanent ’ radio-active elements. The differ- 
ence is only in degree. The durable radio-active 
elements are feebly active — considering the large 
quantities involved. The intermediate products are 
intensely active, but their activity is of short duration. 
The total amount of radiation which the product emits 
during its whole life is probably the same in each 
case. It will now be realized that we have good 
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hojHn t)f Iking able eveiitualh’ to thoroughly under- 
.■'laihl th»" mutual relations of the elements. The veil 
whieh has hitherto shrouded the mystery of their 
si'|>anite existence has to a very shght extent been 
rtunoved. 

Tlje number of elements which have hitherto been 
recognized as taking part in the scheme of radio- 
active change is very small. This may partly be 
due to the difficulty, so often insisted on, of recog- 
nizing the presence of minute traces; but there are 
other ^Risibilities. 

Helium is one of the products of the series of 
changes connected with the existence of radium. 
Kow helium is only one of a series of five gases, all 
having a graduated series of properties. These gases 
have several times been mentioned in the course of 
the present work. But it will be desirable here to 
give a aimewlmt more detailed account of them. The 
complete series is 

helium, neon, aigon, krypton, xenon. 

We liave already devoted some consideration to the 
hurtoiy of the discovery of argon, and of the discovery 
of helium which resulted from it. As soon as these 
gases liad been obtained, the question arose of whether 
they were simple homogeneous substances, or mixture 
of two or more constituents. 

Suppose we posseted a liquid of xmknown com- 
porition. How should we ascertain whether it was 
homt^neous or complex? Whether it consisted of 
chemical sul^tance or of several? The method 
whksh generally succeeds is to distil it Unless the 
vaiioua constituents happen to boil at exactly the 
same tempen^ure (and this would be most unlikely) 
fee l^uM first collected from the distillation would 
he rich in the more volatile <x>nstituent, and by 
feis product several times we could 
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We have seen that hehum is produced in the 
degeneration of radium. Is it not probable that the 
other gases have had a similar origin? That they 
too have had their origin in radio-active substances ? 

It is natural to inquire whether any of the gases 
besides helium are found in minerals. A searching 
investigation on this point would be of great value. 
There is no doubt that the bulk of the inert gas in 
radio-active minerals consists of helium. Some argon, 
however, is probably also present, and possibly traces 
of the other gases. A rare Norwegian mineral called 
malacone, which is a variety of zircon, has been found to 
contain a notable proportion of argon in the helium. 
This substance has been tested, and found to possess 
marked radio-activity. This was natural, for the 
mineral contained helium also, and, no doubt, radium. 
Tlie mineral was heated, and the emanation extracted 
from it. But this emanation was found to decay at 
the same rate as the emanation of radium. So that, 
if there is a radio-active substance present in the 
mineral, which has produced the contained argon, it * 
does not seem likely that it produces a characteristic 
emanation. It may be that the radio-active change 
which produced the argon is over; that the activity 
has exhausted itself : or it may be that it still exists 
in the mineral, but gives no emanation. The question 
deserves fiirther investigation, but the mineral is 
difficult to procure, and the amount of gas contained 
very small. 

The activity of radium stands in remarkable con- 
trast to ttie inactivity of the chemically allied metals, 
barium, strontium, and calcimn. It must be remem- 
bered, however, that the nxunber of molecules whidh 
are taking part in the change, at any given instant^ 
is but a very small fraction of the whole. Radium, 
we l^lieve, ti^es thousands of years to decomp<^ 
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on. tLis question is to collect caxeful statistics of 
the occurrence of different elements in minerals, 
and, in particular, to ascertain whether there are 
eases when elements are invariably associated, and 
never found separate. 

Galena, the common ore of lead, invariably contains 
a small proportion of silver. It has been thought that 
this may be an instance of the kind. Again, the 
metals of the rare earths, cerium, lanthanum, etc., 
seem invariably to occur together ; and thorium and 
uranium almost invariably accompany them. It is 
possible that these metals represent the decomposition 
products of thorium. These ideas, though at present 
merely speculative, seem worthy of mention as indica- 
tions of the kind of direction in which progress may 
be made. 

The question may be raised : Is it possible to 
stimulate a substance ordinarily inert, so as to make 
it radio-active ? A good many cases of this kind have 
at different times been reported, but no satisfactory 
confirmation of them has been obtained. In par- 
ticular, some experimenters have thought that they 
could detect activity in substances which had been 
exposed to the /S-rays of radium, through the walls of 
a glass vessel. Others again have thought that they 
had obtained a transient activity in inert substances 
by precipitating them from a solution containing 
uranium or radium. It is robable, however, that in 
these latter cases one of the products of the radio- 
active element was brought down with the precipitate, 
and was responsible for the activity ohserved. 

Eeeently Prof^sor BL A. Bumstead has attacked this 
problem by quite a new method. The Edntgen rays 
give out heat when they are absorbed by metals. This 
so far is only what might be expected. For the rays 
possess mei^ ; and, when they are absorbed, this 
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THE ELECTEICAL THEOEY OF THE NATXJEE 
OF MATTEE 

In this concluding chapter we shall consider, in the 
light of radio-active phenomena, the nature of the 
chemical atom, and the circmnstances under which it 
may be expected to break up. 

The old-fashioned view of chemical atoms was 
that they consisted of elastic spheres, of uniform 
structure, or rather want of structure, within. In 
the light of present knowledge, so simple a theory 
is altogether untenable. We have seen that the 
atoms of radio-active elements are able to emit 
small particles or corpuscles of about of the 

mass of the hydrogen atom, the lightest atom known. 
They are also able to emit positively charged particles, 
comparable in mass with the hydrogen atoms. It 
is also nearly certain that each atom of radium, for 
instance, emits in the successive processes of degenera- 
tion into the emanation and active deposit several of 
these positive masses. It cannot, therefore, be doubted 
that the atom of a radio-active substance is a struc- 
ture of great complexity, very different to the simple 
elastic sphere. 

Since electrically charged particles are sometimes 
emitted from the atom, it is inferred that the atom 
is built up of such particles, which, in ordinary cases, 
are in equilibrium under the influence of their mutual 
attractions and repulsions, and of centrifugal forces. 
There is every reason to think that the negative 
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electrification resides in all cases on corpuscles, of 
the same kind as those which are expelled, and which 
constitute the ^-rays. 

These negative charges are assumed to be held in 
equilibrium under the influence of positive electrifica- 
tion ; how this positive electrification is distributed > 

it is very difficult to decide. No case is known in 
which positive, electricity is associated with a corpus- 
cular mass. No positive corpuscles, complementary »■ ' 

to the negative ones, have ever made their presence i 

apparent. Whenever we obtain a positively charged 
particle, it is always attached to a comparatively large , 

mass. So that there are considerable objections to = 

the assumption that positively charged corpuscles > 

exist in the atom. It may be that they are there, . 

but that the processes which succeed in detaching an ; 

isolated negative corpuscle are not able to detach the j 

positive one. ! 

Recently it has been preferred to suppose that the j 

positive electrification is not localized in particular : 

spots in the atom, but that it is diffused imiformly ' 

over a considerable volume. The negative corpuscles 
are assumed to be immersed in this positive fluid, as 
it may be called. 

It would be idle to pretend that this theory con- 
stitutes an ultimate explanation of the nature of the 
atom. In some ways it leaves this question more 
mysterious than ever. The assumed positive volume 
electrification which does not reside on matter presents 
at least as formidable a problem as matter itself 
appeared to do in the first instance. That, however, 
is no reason for rejecting the theory, if it is found 
to give a satisfactory explanation of the facts. 

We have already seen, in discussing EAufiBnann’s f' 

observations on the corpuscles, travelling with speeds 
approaching that of light, which radium emits, that , 
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By far the greater part of the energy which this mag- 
netic field represents is localized in the space very near 
the corpuscle, where the lines of electric force are very 
crowded. The effect of bringing other corpuscles into 
the neighbourhood of the one we are considering will 
be to disturb its electrostatic lines. This disturbance, 
however, will only affect the lines at some distance 
from the corpuscle from which they spring, unless, 
indeed, the other corpuscle comes to very close 
quarters. The mutual repulsion of similar charges 
wiU prevent that happening. So that the lines of 
electric force in the immediate neighbourhood of a 
corpuscle are secure from disturbance, and the 
magnetic field in these regions, which represents 
almost all the energy of motion, is not liable to be 
affected. Thus, the mass of a corpuscle, if of elec- 
trical origin, will not be affected by the presence of 
other corpuscles. The mass of the atom, however, 
is to be regarded as the sum of the masses of the 
constituent corpuscles. That is accordingly nearly 
independent of the presence of other atoms. It would 
be very interesting if the slight changes of weight 
which some experimenters have thought that they 
could detect in chemical combination could be traced 
to the change of distribution of the electric field of 
the corpuscles of one atom by the presence of 
another. 

The mass associated with an electric charge 
depends on the extent to which the charge is con- 
centrated. If the charge resides on a sphere, for 
instance, the mass is greater if the sphere is small 
than if it is large. Since the positive electrification 
is assumed to be much less concentrated than the 
negative, it does not contribute appreciably to the 
mass of the atom. 

We know the charge on a detached corpuscle, and 
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at »)iu«‘tliin« Ijk«’ Id * rni ,oro!io fifty millionth of mi 
indi, HO that tJa* liiaim-tor of a ror|iiiHt’h* in no more 
than ono humln'd-tlioumtnlth of that of an at«iin, 
Tlioro are in a hydrofoil atom wiiiiothiiiK l«'tw«a»n 
f)(Ht and I IKK) ror|»HH«’I«*n. TlmH th«> i’or|i»iMfh'H nn 


are onormoUM <’om|»ari«l with tlio dinii'iiHionH of the 
(airjnwrh'H thoniHi'lvoH. Tlio t'lirjaisi’li’H tit an at«»m art 
of HoliiothiltK liko tlio winto thatn**' t»f wan-itv iw the 


are ahli* to itonf-traht fiiorineaia 


with iiiiotlior corniwi’ 
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that a /S-particle will he wholly or partially stopped 
by collision. The exact grouping they may be in, or, 
in other words, the chemical nature of the absorbent 
material, is of no consequence. 

On this corpuscular theory an a-particle consists of 
a part of the positive nucleus of the atom torn off it, 
with nearly the proportionate number of corpuscles. 
Since, however, the a-particle is positively charged, 
we must assume that it has one corpuscle short of 
the full number. Thus there would be a surplus 
of positive electrification, as experiment shows that 
there is. 

The penetration of solid materials by the a-particles 
presents a more formidable problem than the penetra- 
tion by /8-particles ; it is not, however, by any means 
impossible that one entire system of corpuscles, repre- 
senting an a-particle, might pass through another, 
representing an atom of ordinary matter, without 
either of them being permanently affected. If we 
remember that the a-particles move with a velocity 
which is not beyond measure less than that of light, it 
will be evident that the corpuscles in the a-particle 
have not much time to perturb those in the atom 
through which it passes, or to disturb their equili- 
brium. 

a -rays from radio-active substances move with 
much lower velocities than /3-rays, so that the absorp- 
tion of a-rays cannot be compared with that of /8-rays 
of the same velocity. We can, however, obtain /3-rays 
of lower velocity from Lenard’s vacuum discharge 
tube ; it is found that these are by no means so 
penetrating as a-rays of equal velocity. It seems at 
first sight somewhat of a paradox that a complicated 
system of corpuscles should thread its way through 
the atoms of absorbent substances more easily than a 
single corpuscle. Indeed, this difficulty has suggested 
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doubts as to whether tlu^ %vhf>l«' thoory uwy not he 
a doluHioii. It must 1 h* roim*m}H»ri*d, Iimvovor, that 
a corj)us<rh^ forming part of a systom will not Iw* 
dolU)<'.te<l from its path in tla? sanw way as a singlo 
one, by gnaing coIlisi«niH. It will l«? suppirttni iu its 
direct path by the electrical forces which c<»niiect it 
to its utaghbours. 'I’hiH w<ndd prestait mime analogy 
to the way in which a row of men, joimal hand to 
hand, may walk into tlw stsa t*» rescnie » shi}>wrecked 
crew, when a singhi man woiild 1 m* carriial <»jf his feel. 
Thus the tt-|«irticles may Im^ able ti» maintain their 
dirtsftt path undi^r circninstanceH which wouhl ciiUKa* 







PLATE I. 



Photograph of a Welsbach Incandescent Gas Mantle, 

TAKEN BY Mr. RiCHARD KeRR. 


THE MANTLE WAS OPENED OUT AND LAID FLAT ON A PLATE. THE EXPOSURE 
LASTED FOR EIGHT DAYS. THE THORIUM CONTAINED IN THE MANTLE MAKES 
IT RADIO-ACnVE, AND ENABLES IT TO ACT ON THE PLATE. 




PLATE ri. 



PirOTOGRAPir OF A PIECE OF PiTCH-BlENDE, TAKEN BY ITS OWN 
RADIO-ACTIVITY. 

THK PLATE WAS SIMPLY LAID IN CONTACT WITH THE ITTCH-RI.ENDF- SURFACE FOR 
A WEEK AND DEV'EI.Ol'ED. THE PITCH-HLHNDK SHOWS DARK ; THE ASSOCIATED 
MINERALS, FELSPAR, ETC., WHICH ARE NOT RADIO-ACTIVE, SHOW LIGHT. SLKiHT 
darkening can he seen outside THE LIMIT OF THE 1‘ITCH-BLKNUE ; THIS IS DUE 
TO HECQUEREL RAYS FROM THE SIDES OF THE SPECIMEN, WHICH FALL ON THE 
OUTLYING PARTS OF THK PLATE. 



Radiograph of a Purse containing Coins, taken by Radium. 


THE METAL FRAME OP' THE PURSE AND THE ENCLOSED COINS STOP THE RAYS MUCH 
MOKE THAN THE LEATHER, SINCE THEY ARE DENSER. THUS IN THE POSITIVE 
PICTURE THEY SHOW BLACK ON A LIGHT GROUND. 
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moderate mimber of corpuscles, however, whose 
movements are assumed to be confined to one plane, 
Professor J. J. Thomson has obtained results which 
illustrate in a general way the manner in which the 
more complicated systems of real atoms are likely 
to behave. In particular, he has found that certain 
configurations recur periodically as the number of 
corpuscles is continuously increased. This seems very 
consistent with the observed properties of atoms, as 
expressed by the periodic law. 

It is probable that the rotation of corpuscles in the 
atom is the cause which gives rise to light vibrations. 
We know that light waves travel with the same 
velocity as electrical ones, and no one now disputes 
the identity of these two kinds of waves. The only 
difference between light waves, such as are radiated 
by atoms, and the electric waves used in wireless 
telegraphy, is in their length from crest to crest. The 
length of the light waves is something hke a forty- 
thousandth of an inch ; the length of the electrical 
ones many yards. 

Eow the rotation of a corpuscle in a circular orbit 
round a central positive charge involves a rapid 
reversal of the electric field along the radius joining 
them. For when the corpuscle has gone round half 
the circle the electric force, which was, say, north- 
wards to begin with, is now southwards. After a 
whole turn it will, of course, be northwards again. 

This rapid alternate reversal of electric force is just 
the condition for sending off electric waves. The 
waves, for instance, which are used in wireless tele- 
graphy, are produced by the surging of a charge of 
electricity to and fro in an oscillatory spark between 
two knobs. The direction of the electric force is thus 
reversed with great rapidity. 

This case of a single corpuscle going round in a 
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circle is tlie simplest that can be taken as an example. 
But the same general principle applies to the actual 
case of many such corpuscles, with complex move- 
ments and mutual perturbations. It will be under- 
stood that the corpuscular atom is quite a sufficiently 
complicated structure to account for the complexity 
of the vibrations which most atoms give out, when 
these vibrations are analysed and sorted out according 
to their wave lengths by means of the spectroscope. 

It may, perhaps, be thought that we have got very 
far from the simple facts of radio-activity in applying 
the theory of corpuscles to the spectrum of an atom. 
There is, however, a very direct proof that they are 
concerned in this phenomenon. It was discovered by 
Zeeman in 1897 that the spectrum of sodium was 
modified by placing the radiating material under the 
influence of intense magnetic force. The lines were 
broadened, and, as closer observation had shown, split 
up into three or more components. Though this 
effect is very inconspicuous and difficult to observe, it 
is an observation of far-reaching consequences. We 
know that the motion of a corpuscle is modified in a 
magnetic field, and its period of vibration altered 
accordingly. Thus the Zeeman effect gives quite a 
direct proof that corpuscles are concerned in the 
mechanism of radiation. The amount of effect, indeed, 
enables an ^timate to be made of the ratio of the 
charge of a corpuscle to its mass ; the result is quite 
in accordance with the measurements made on the 
corpuscles of radium, or of the cathode rays. 

A few words must be said on the difficult subject of 
what causes the rupture of an atom and the expulsion 
of a corpuscle or a-particle with great velocity. 

Sir Oliver Lodge has pointed out tihat, if the normal 
«>adition of the corpuscle is one of rotation, this 
must be aceompamied by the emission of energy in the 
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EXriEIMEXTxlL NOTES 

A FEW praetical hints will l»€ given for the benefit of those 
who may wish to observe for themselves the phenomena of 
mdio-aetivity. The experiments considered wfill only be those 
whifh can ^ eondneted without much difficulty or expense, 
and with simple apparatus. 

It cannot be too strongly recommended that eome of the 
experiments should be attempted ; for they will give an insight 
into the subject and an inters in it which mere reading can 
never give. 

For mc«t of the experiments, some radium will be required. 
This may now be purchased &om the majority of instrument 
makers; adverti^ments of radium and other requisites for 
experiments on radio-activity (such as fluor^ent bodies) are 
to be smn in the mentific journals, no^tably in H'ature. Five 
milligrammes of pure radium bromide is a u^ful quantity. 
Unfortunately the price asked for such a quantity is at present 
very high — ’£10 per mil%rainme. Prolmbly, however, this 
state of thinp will not <N)ntinue. The salt is usually sold in 
a small capsule, which has a removable lid ; for most of the 
experiments the lid is Imt left on. 

If it is not desired to spend so much on tiie salt, the experi- 
ments can be performed with an inferior product, containing 
only a moderate or small percentage of pure radium. This 
is much cheapjr, but of couree the eff^s are brilliant. 
It will be difficult to |»rfoim the experiment on magnetic 
claficMstion with very inferior material. photographic 

€xp«rimente gmmraUf will, of mmim^ a^uiie- longer expires 
if tMs m Med. 

Expsbimimt 1 

ef J^dmm 

T# illttitote the ^b«i4^ra^ic efikte of ^iuin,iyad to ^ow 
mm mmm altoortel £m ^ luya 
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tum\ 1 ^ tA»k fs 

a lmi%^ $-‘f vf rt-An^ -n a T’u.-^ ^n lfc<' 

|‘nin|‘'|t^ Us tak»ii * \ ttk^a/o !ia- 

alr*'a4% Ih*'’ mr^ rsfW ritmr- 

¥nt » m a I 'iwk j-^. Ia> *1’ 

o1^j#‘ci %itf «» mith m ^ii tdm k aat 

t!i*' ia4i5ini me mflie,^ m*i -n it, 

tliH iii'-nt f r rt'\-f ,.af l 

iInj i**^s r-jt liiy^t t»' ^n-i hy tri^ T:. 

fijrtht‘r from im* faitr tl>? mdmui t'h^ 

will k* !}f' , l4il a l^^rAX*:f t %|n>,^4rr vf e»-iir*^, k" 

gncii at an iiirrfiiis#al 44MAii€r. 

Vsfmm'st 2 

Pl.i4-iir^tyh-e rt.*fAs% ..f » I SuU T' . -m, •; 

Till' railioirtif itv cf ik^rnim WJt*^ fan k* I.rsr4 'Kj a 
ex|M^riiiieBt ilevi-ml l>y M?.. Eiflmrii Kewr., Hf o©# syf 

launtlei for ih# llVW^atni ^A}him'r^.mhir‘h mn 

mm l« ppviiffHl miymlmrt.Mt4 whidi Ibcinism. Tak^* 

on# of thfw iimii I Ir^ ansi fiit it wiik a pair of ^m'i- 

that it fan k" *«pFfa*l tmi lals A now aiantie miiai Iw^ i»#*i 
witich liaj fiol for lliat it tM l♦fltt.♦" 

to l«? toijfitial. Sprr^i oiit %h** maatl# ott t.:E« film ti4« 0f‘ 
a pkitogfEphif pktt\ an4 lay tnotiif-r gliy^ p'bt# oa th# top, 
so m to kiatff it- tlat. Ijmi'e the wh^lr m a Iigiit tigbt hm in 
m m eapl«mr4 for at lei#t m wmk-.- After tlm% tmm 

iiw ekpiai take tli€ plate mi m4 4#wl<ip it* 

A very fltmr pietare of tlif mMtl# will Im t>bmiB^i^<5wirfg 
llie network I4^k m a light groijB*! A print froa ihm will, 
of ^>iirm5, inon* cloarly repreiieiit the ap|>raraii« of the mantle 
it-«?lf, for the network will iimn Im wliito on a <iwrk g«)ia»4* 

Expesimemt S 

Phkiti^m^mk miiwm o/ Pi^tekUemh 

Ghtmm him a aiineml m pi^o of pitchblfs4e,, tefeeto 
lag for preff rea^ a pi«©i whkk mkm tatli 

m «|imrti. felipar, aii4 pyrit«, m it*. Have oi># 

mwfm9 ©f th# pi«« cat mi^ poliA^. Tfek mm bt ik>rse 

liy %m aiiiatoar, hmi it wil mm tim^ to 

tak« it I# • lapiiia^A or I© hmw% it hj ^ fiwi 

wlioiii tli« P|Wi»#a 11 p«iAa#^, 1^1" 1^ ii^ «ii« om Ibe 
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turn ri a photographic plate, or of a piece of bromide 
I 4]^^- plaeiii;: the whke in a light tight box, which for further 
4cio]d k* placed in a dark cupboard. Leave it for 
R : after llmt time, develop. A picture of the mineral 

k obtained (Plate IL), the pitchblende showing 
4 yiit a deep black on the plate, owing to the action of the 
ni?]k>-a€tiv© materials it containB on the latter. The part-s of 
iht: film oppcBite to the associated minerals, felspar, qu^te, 
.rtc.. will. iinatfected. 

Since pitchblende is black, the direct * negative ’ impression 
will give a ktter representation of the appearance of the 
niineral surface than a print from it would do. Thus it is 
letter to use a piece of bromide paper in the first instance 

ifislead of a plate. 

Expeeimint 4 

CowqmruiiVi ahmrptwns of different materiaU 

An ©xperimeBt to illustrate the law that the absorption of 
tlifftrenl materials is pioportional to their density may be made 
ia the following w^ay. Take a piece of sheet iron— tinned iron 
Mich m biscuit tins, etc., are made of, will do — cut out with 
shears, or strong wiwrs, a piece one inch square exactly. 
Weigh it, and prepare a piwe of wood also one inch square, of 
the mine weight m the iron. This need not be aU in one piece, 
m&mmim kyea of thin wood or card may be added to make 
up the weight Now ky the iron and wO'Od side by aide 
c« a photographic plate, which should be wrapped in black 
paper, or in on© of the black enveloj^ obtainabl© from 
photogapliic dealers. Bring the radium over the whole, at 
a distance of two or thr^ inches, taking care that its position 
is sjmmetriml with re.gard to the iron and the wood. Expose^ 
for a feir minutes, or hours, if minutes are found insufficient 
to five a gwM imprmion. Tbm will, of course., de|»iid on the 
qiMtily and quality of the n^ium prejwration employed. On 
ikvelopment, it wil be found that there is mton» bl^kening 
of plate where the wooi md iron ^r^ns do not cover il 
ttey do, there .it l«s darkening owing to the |artial 
of the rmys* It will be found A© shadows of 
^ «d are about equdly den»; thus 

thowlif that ^mi equal a^rptions, inde- 

Ai materki ui^ fiw the aksorb^nt «ar^su 
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j I-*/.,.#,! F# FlV«' 

TI.h j4'-^‘rvol with a frw muilicmifiirir* r»f rm^hum > 

In mi^h . A !^|. m h iifii 4 l fVr 

llit^ Ih’Li wif ?i li rtv% wiJi lipfiit i5|;r 

fht^ m^Fiiii .?4 |iiT, light «p,i‘itb'r fn-iu fn.-ot ^}f tirsa L?hi*!ri 
Iii tb^ t!u' my^ pe»€tmte ra^ib«ir4 on wLkl 

tlw' lliiDrtweiit fimkrmi is «pim«l tir<* 

foih m yfht^r iWfi tiirtml %ii4 tli# will *till ht wb 

itioiigh im 4 §ii lifightlj iM With h% reiamsiR^ 

ill the «ii.rk ftir mmm tlm*^ mi -m to gm> the ey^ tiu'M 

sriisiiive riifi4itiuii, tlie rm\ 1*^ ^%ni 

wlir^it fairly thick nmUmMh. mth mn th^ pmliii <>f ihe h%i>l *‘j 
1 . art) iutet'piMmh la thm eitst* %ho y*r.*iy.f c!;i*?^v 

If til© iiioresi^mt scret-a m actt mvmllmhh tb# nmm*} fhr-nt^ 
iiieim may with m rli..MiM®4l, Itiumti-B 1 

iiiiiy irei^Iilj lit? dktifigiaish’Cii hy iheir fa^r ihghkT fini^retaMact^. 

Ik/Wgli thfj, Si well m c^jaaioa lute Tmihly 

liiHiiiioa*^. Ti» lae flu* §mfme^fiee of tht^ timmm of lii# ^\r. 
it*y ia th# dmk for aba4 whoa yimr ^trm hm> ‘i 

icB^itiv'c to f€*t}W# Ugbtm Au% iht eyt4i4i, mid ferimg i 

lli€% imdiuffi mmr ki mit of thmm. Mm% |>i:*o|iI# will ^i«lv | 

gel mm of luBiiao^ity, thoagh wim# ilo appear \ 

U It Tory rmlilj. A pi«ce of jblwek p«pt*r #ihoiiki h- | 

pkml over tli© miiiiiia, to mmi my fumihditj of roaplie*- 
ikm (ming to it« owa fmbh Immimmity, which, bj th« wmy. 
phouhl Im iioticfMl. 

The- fepoatonooiii Iiai»iwitj of mmaim® aitfwto maj k> 

olwfTtil. Sm p. 5t» 

EiriiiMiiT 6 

Ciioniikm of Blmm fty tM Mmf$- ^ 

lAy M piw of onliiisfy ghm om A 0 iNill or taW mm- ^ 

teiaisf m few ailllifrinaia^ of railmm I» m f#w t.liiT* 

th# pir|l« mAomtkm will h© qaito viiiM«, fmhh it 

will l»«t l» hj Isyiag the m »hf»i of whit© 

Aft#r lit kp# of m few w^ki Ih# eoi^rwtioii will I 

li« mry siumg, mi of » ^<mr. ; 
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Other siibslaiiees nmy be tried also. Fluorspar, of the 
eiiloiirkss varieties, e&n readily be eoloured. So can rock-salt, 
m, if preferretl, c»rdiiiary table salt. Dissolve the coloured 
salt is a little water, and you will find that the solution is 
eoloiirless : l»il it down, in a small porcelain basin over a 
spirit lamp, and the salt, when dry, wdli be colourless as at 
first. 

Experiment 7 

Ekiitk Dmharge ly Radium 

This is m easy an effect to observe as any. Any electro- 
scopes will serve, if well enough insulated for ordinary use. 

the leav’es in the usual way by means of rubbed 
sealing-ivax, and bring the uncovered radium near them. It 
will be found that the charge leaks away immediately, and 
the leaves collapse. The electroscope should be charged, first 
{■.lositively, then negatively ; it will be found that the discharge 
mmm about as rapidly in each case. 

Next, test the disehai^ing action when the radium is 
covered by various thin screens, tinfoil, paper, etc. It will be 
found to be enormously reduced when one sheet of such 
iiiaterial m put over, but further reduced comparatively little 
by the subsequent ones. The reason for this has already been 
explained, Ihe a-rays are completely absorbed by the first 
screen ; the residua! jS-rays comparatively little. 

If you do not possess any radium, the same experiment 
may made, though, of course, not in so striking a way, by 
means of pitdiblende. In this mm it will be best to have 
some means of reading the el^roseope with a scale, for the 
rate of discharge will be too small to be very easily detected 
without. If the eleetimeope insulates well, however, so that 
the time which the leaves take to go down in the absence 
cif mlio-active suMsne^ is long, it will not be difficult to 
mtisfy oneself that ttiey go down considerably faster when 
the pitehbltnde is held new*. If, as is sometimes the (^i^, 
the #l«5tewc0pe hw a flat tep, the radio-active substen(» may 
l*e Bfwmd upon this hehm charging. Hie leav^ wil then 
1 ^ down &fiter than they wouM do in the al^nee of the 
pitehbtende. 


To make fte electitw^pt ^tisfactory for this purpcBe, it 
isdwimWitoieethattheinsu^oniBmgoodorder. If this 





M*; r( || %^4 I W.^i; 4 k%.f' 

t,.r riis»-?y |*sip r * Kli* t r: 4 |vrLAp’^. **■'’ >-^> 

I-.I r If hi t 

mti.* ii.*. i.%,>trunMit tLst 

ll\rfum.k^r H 

* i ~f f!;f S’i->t .';4* '?■/* i-r^hiu.^'Pil ^ tk^ t-H-rif*, 

A?» lilt ritii'.'iitHl in ih^* %tm pi»w i»^lfariit^iii#4 
l;a^ 4eviHt/4 fci.r thi* t^ift^^t. It p^ii 

on till' nmrici-t^ aiixl mmy to »4^iAair%| ihc?' iTi**r\‘&rf'd 

iimki'Ff fur A fr-'W ^hilUfig^, If pr^fc-m«i, th-^ mjiy 

wraiige llie r\|'>t:4ii«*"iil t*'fr Ima^'if. A *xmil zm^ 

^frc^'ii i.^ Tlu^ rimy h: r^m4vF:m»4 - : 

t>y »pfmdii:ig «>f tlio . o r 

wiili glim* A ^eij Jitik" rmliMm m brou^t mto * m 
the ntmm. It lake Iik* 11> 

plan ii to t4)iieli the <tixrk of radnifa with a wh.r-h nmy 

twailied tm if n€»€ri«mrjo arul to- tmmfef my 
imiliiiiii which iimj thereby rubb'iBg the ^iw» Wiil'^ r-n-i 
of llie wi»* A s|M:ck of light wiil. W otn^fTe.!, when the 
rmtiiiiiii eaust* Eiattotie thm ^.ith ♦••.tiicf a 

C^Kbiingtoii lejaii m m mmumep^e, with m o^.jeew^^ ■:! %'fry 
low |> 0 wt}r. The icintiliatioai will ihm he wcil 

Etrismi^t § 

MiignMie if the Hay^ 

This ttmy nl^ervod eillirr by th« pliot4.,.^gmpl:iie plate <r 
t!iiort‘i^tit lerwR, A pt^rnmiieBl magnet may l^e it>.i4gfc, 
in tfiti erne m mmu‘w!mt lAfge one deiimbie-, A in 
>i/e4 chxtrio- magnet ii on tli« whol# more 
Wliifhewr m mmd, two movable pol# piec» of iron, 
Jdarti pqmrt^ mid l|*inci:i long, thouki Im pwidt^J 
eaii mwm b’* ml fmm Imr in>a by m blacksa-ith. Tmee the 
|K)le erne om mth. |xik of th# m m to> leave 

fi minm 1^4wten A«ib. This •!«« may te |4u,ch to 

^'iiicli wkir. 

‘ ll#;v mAiteiml hm to b# |jrf|w»t m % aau ii 1^# 

Ixm-ghL 
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For iMs experiment it is desirable to have the rays confined 
to some extent into a pencil or Imm before they enter the 
magnetic field. For this purpose a piece of sheet lead^ with 
a slit in it, should 1^ placed a little distance in front of the 
radium, which, we assume, is easily confined to a narrow space. 
The slit in the lead cmn easily be made by means of a chisel. 
It may i\-ineh broad, and half ml inch in front of the 
radium. 

The relative position of the various parts is indicated in 
fig. 13. The beam from the radium crosses the space between 
the poles, and falls on the plate, which is in a black envelope. 
If the magnet is not excited, the impression on development 
will be found to be a round patch. When, however, the 
magnet is excited, this patch will be found to be drawn out 
into a streak to one side of the plate, at right angles to the 
direction of the magnetic force, and to the original direction 
of the rays. On reversing the current, or, in the case of a 
permanent magnet, turning it over so as to exchange the 
|K>sition of the poles, the direction in which the impression 
is drawn out will be found to be reversed. 

The exposure must be found by trial, but, with five or ten 
milligrammes of radium bromide, four to six hours will probably 
suffice. 

This experiment refers to ihe /3-rays only, for the a-rays are 
stopped by the black envelope in which the plate is wrapped. 
The deflection of the a-rays is too diflScult an observation for 
the class of experimenters for whom these notes are intended. 

If preferred, a fluorescent screen may be employed instead 
of a plate for observing the deflection of the /S-rays. There 
is iK> differeno^ otherwi^ in <mrrying out the experiment. 


Expebimext 10 

O'bmrmtim (f ike EwmimiMm of ^idmm 

For this exp^rimeat it m nec6a»ry to have a test^ tube fittol 
up fm bubbling air tlrroi^h the »luMon of n^ium. Fig* 2B 
shows the Any bw»k on elem-enlau'y chemistry 

explain how glai^ tiib« are h«l at right «igl«, and 
how holm are bored in toe or a lewd dru^b% firom 

whoa toe nu^rials are pmtoaaed, win toow how to do it. 
Amsfe a gl^ tn}m with Iwoor more 'Corks, as indicated in tot 
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and put in it any tlu^ til v-.i !U4y 

it iii the tnl^ l4-4ww'it i-4 i%. . 

1'"!i** Is ‘‘f ii-T’ M th * ^Jiie ^ulphehe a'rf4 

lih-'fitioiifvl Tie* liiifi^ rak H iLVei^ite I *,%•* 

very l-rhhMit, vr a 4eifii--!:vl m^y 1- 

i!i ihf^ tiii't. 1 : 1 % fji hnfkt'ii 414^4 mill 4 e, 

Piit lie* radium Milt 111 the ta-i t>iW\ m-l lu^'-rt tl - 
fiyrk air-lii^hi. Attach a piece of r tul*- li*^ 

end of t iilM" f ; then briri^ !ip a wiKO‘-gla,%^ %aiiJt4i!o!i4 «■!?♦ r 
P .0 am til dip into it, aiiii iiick yr 4ey throiigli iht in^ila^ryhe^-r.., 
This m'ill draw W'&Ict into the t«l*o ; rnKut a thviid letj 
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stop blowing, mi close up fcbe end of the tube e with a small 
eork or a plug of wax. The luminosity of the xinc sulphide 
will increase for two or three hours. This is due to the 
foraation of the active deposit upon it. 

After a few hours, detach the tube containing the fluores- 
cent material, and blow through it, so as to blow the emana- 
tion altogether out. You will now observe fluorescence due 
to the active deposit only. Watch this, from time to time, 
and you will find that it rapidly decays, becoming imper- 
ceptible after a few hours. 

The growth of luminosity is best observed with the mineral 
kunzite \ for this substance fluoresces only under the ^-rays. 
The emanation itself does not yield these rays, though the 
active deposit does; thus the effect of the active deposit is 
not masked by that due to the emanation. The tube may 
now be reattached, and some more emanation introduced into 
it, by bubbling as before. It may then be closed at both ends. 
The luminosity will then be found to persist for a long time, 
falling to half its original brightness in the course of four days. 
This loss of brightness, if the tube is properly closed so that 
the emanation cannot escape, is due to the decay of the latter. 

After these experiments it will he necessary to recover the 
radium from the solution. Obtain a concave watch-glass from 
a watchmaker, or from a chemical dealer ; lay it on a metal 
tray containing sand ; the lid of a round tin will serve. 
Arrange the tray over a spirit lamp, so as to be able to heat 
the watch-glass. The sand serves to diffuse the heat. Pour 
the solution of radium into the glass, and gently evaporate 
it; do not heat it to the boiling point, for that might cause 
spitting, and loss of radium salt. When dry, carefully scrape 
up the salt and replace it in its caj^ule. You will ^d that 
it has lost much of its activity, but this will gradually come 
back, as a fresh stock of emanation is generated. 

Exfieiheot 11 
Prepandkm of Uranium X 

Oblian an ounc^ of uranium nitrate, and dissolve it in two 
of water, in a gla^ beaker, or tumbler. Add a drop 
of a solution of perehloride of iron. How add a strong 

* ftoa Me»rs. 20 'Sardinia Street, Inn 

mm 
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sohilioii of aiimcRiiiai carlioBate C*ml volatile little hj 
littlo. TliB will tmune a jellow precipitate at fiimt, but, hy 
a4din|T »iitl '^tirriiig^ tbe jellow precipitate will re- 

niSM)]vrd, and the liqiiki will Ix^coeie c<)iii|mmtive]v clear, 
toil licit absoliitelv m, far the iron whieli was mhlml isi pre« 
fipitatt*«l and not siilmoqiiently rwlisstilwed. Wiili ii h the 
iiraiiiHiii X. There is so little of ihh latter that the iron 
is neeessaiy to act an a iiiicleas to collect it on. CWienriw^ 
it miihl not W dealt with. Filter the liquid from the pre- 
cipitate hj means of hibuloim paper eoiitained in a glais 
fiiimcd. Anj druggist will show you how to perforoi this 
opemtion, or yon mdll tied it de«eribed in any elementary 
IkwIw OB cheiiiistrj. When the has run throngli. pc.>iir 

in some water to wash the precipitate which reamios on the 
fniiiieh then collect this precipitate. This will l>e dime 
by making a hole in th€ bottom of the filter papier, and 
washing the precipitate down through it with a fine siream 
of water from a w&sh4>ottle, into a hmin m watch-gb^ss^. Dry 
the precipitate in thk basin by gentle heat, with a spdrit lamp 
or on hot-water pipes. 

Boil the solution of nmmiim m aouBoninm carbonate in 
a beaker or flask, and continue this proeeM until you. eannot 
.smell any more ammonia in the issuing vapour. The uranium 
will all Im reprccipit&ted by this proecst, and ihould W 
collected in a Alter pap^^r and dried, m in the former esMJ. 

Now take a piece of thin wood, or thick cardboard, and 
iii..ai© two holes in it, say’^ half an inch in diameter, and onc^ 
clear inch apart. Paste a piece of j>a;^r on one side of it , 
unci let this dry. Yon will obtain .in this waj^ two cells, wdth 
Imttems of ef aal thickness. Scrape up the two precipitates, 
and put one of them into »eli eell There will not, of course, 
Ik? Rtwly room enoagli for the whole of the uraninia pre- 
cipitate, but pot ia m minch m the cell ca.a eon tain. Now 
ky this aiTtngenient on a photographic plate, and leave it 
in the dirk for at least m week. On develapment you will 
find & strong impreMion under the separated nmniuai X, and 
scarcely any under the i 2 ra.iiium. This is because the wliole 
of the ^-rays, which produce aJmmt all the photographic 
activity, are givtin out by the uranium X; and, since this hm 
«*piimted, the parent umnium is no longer able to pro- 
fiiice an iin|>ri‘S&ii>ii» 
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The electrical effect of each should he tested with thi^ 
electroscope as already described. In this case, almost all 
activity is still with the uranium. This, as already explained, 
indicates that the uranium itself gives out all the a-rays. 

Put the specimens on one side for several months, and 
then take another photograph. You will now find that the 
uranium X has lost its activity, while the uranium has re- 
covered the activity it originally possessed. The old uranium X 
has decayed, while the parent uranium has produced a fresli 
stock. 

APPENDIX B 

THEOEY OF THE MAGNETIC AND ELECTROSTATIC BE- 
FLECTION OF THE CATHODE EAYS OE THE )8-RAY8 
OF RADIO-ACTIVE SUBSTANCES 

In this note the mathematical theory of the subject, which 
was omitted from the text, will be given in an elementary 
way. 

In the first place we shaU requme an expreasion for the 
mechanical force on a particle whose charge (<g} is known when 
it moves through a magnetic field, strength J/. As this is not 
given in any elementary book I have seen, it will be well to 
show how it can be calculated. 

In this, as in all calculations relating to the connection 
between moving charges and magnetic phenomena, we depend 
fundamentally on Rowland’s experiment, by which he showed 
that the convection of an electric charge produced the same 
magnetic effect, not only qualitatively, but quantitatively, as 
the corresponding electric current In this experiment, m 
electrically charged disk, divided into sectors insulated from 
one another, was caused to rotate rapidly. The effect of this 
rotation is, obviously, to carry a stream of electrified matter 
round in circles concentric with the disk. If we know the 
rate at which the disk rotates, and the density of electrification 
at every point on it, it is evident that we can calculate at what 
rate electricity is being carried past an externally fixed point, 
in each of the circles concentric with the disk, which are 
situated at different distances from the eentre# Now, an 
electric ^rent in a wire bent into a cirdie also involve 
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transference of electricity at a definite rate past any 
d point. 

et us imagine a large series of such circular wires, all 
;ed concentrically on the surface of a disk similar to the 
iting one, and let us further suppose that the strength of 
current in each is so adjusted that the same quantity 
dectricity flows through the wire past any fixed point in 
3Cond as is carried in the same time past a fixed point 
he corresponding circle of the rotating disk, 
he question which Rowland set himself to decide was this : 
ss the rotating disk produce the same effect on a magnetic 
ile as the corresponding system of wires carrying currents? 
what amounts to the same thing, does the convection of 
tricity on moving matter produce the same magnetic force 
the conduction at the same rate through a metal wire? 
result of experiment was to show that it does, and that 
two actions are, in their magnetic behaviour, quite 
ivalent. 

fow, consider an electrified ring, consisting of a large 
aber [n) of electrified particles arranged at equal distances 
nd the circumference of a circle of unit radius. Let this 
f rotate with a uniform circumferential velocity v. Let 
e the charge of each particle. 

hen the current going round the ring will be , since 

1 is the quantity of electricity which passes any fixed point 
)ne second. The axial force acting on a magnetic pole of 
ingth jET, due to this circular current, will be, at the centre, 
H. This, accordingly, is the action of the ring of electrified 
tides on the pole. Action and reaction, however, are in all 
inary mechanical cases equal and opposite. If this law is 
lifted in the present case, then there must be a reaction of 
magnetic pole on the ring of particles, also equal to nevH, 

. in the opposite direction to the action of the electrified 
y on the pole. Thus the action on any particle of the ring 
it right angles to its own direction of movement, and to 
magnetic force due to the pole. Since the reaction on 
)articles is nJEev, the reaction on each must be equal to 
; ; jff, being the strength of the magnetic pole at unit 
:ance, represents also the strength of the magnetic field 
}he particle. 
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Thus in this case the force on an electrified particle moving 
at right angles to a magnetic field of strength H is equal to 
Hev^ at right angles to the magnetic force and to the direction 
of motion. 

The force on a given electrified particle, however, can only 
depend on the magnetic force at the particle itself, and on the 
velocity and direction of motion. Thus we are entitled to 
conclude that the relation found for this particular case is quite 
general, and that the force on an electrified particle moving at 
right angles to a magnetic field is always to be found by the 
rule given above. 

There is one point which requires justification in the above 
argument. That is the use that was made of the law that 
action and reaction are equal and opposite. This law was 
formulated by Newton without reference to electrical and 
magnetic phenomena, and it is hardly justifiable to extend it 
to them without further discussion. We have to consider 
whether some part of the reaction of the magnetic pole may 
not be exerted on the ether, the intangible fluid filling space 
which is postulated to explain electrical and magnetic 
phenomena. If this were the case, Newton’s law could not 
be said to be obeyed, for he did not contemplate a reaction 
on anything but matter. If any of the reaction was exerted on 
the surrounding ether, then the system of rotatory disk and 
magnetic pole, held apart at a fixed distance, if floated on 
water so as to be free, would move off along the axial direction. 
The experiment would not be practically feasible, for the forces 
involved are much too small to produce perceptible motion. 
But there is no reason to think that any such motion would 
ensue, and all are agreed to assume that it would not. This 
assumption, like many others which have been made in 
developing electro-magnetic theory, is not absolutely satis- 
factory and conclusive. But we have to be content with it. 

Now, consider a beam of cathode rays whose path is at right 
angles to a field of magnetic force if. Let v be the velocity of 
the particles, e their electric charge. Then, since there is a 
deflecting force acting always at right angles to the path of 
the particle, its path must be a circle. To find its radius, this 
normal force is supposed equal to Hev. It must, however, 


balance the centrifugal force of the particle, equal to 
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■where r is the radius of the circular path, and m the mass of 
the particle. Thus 

±fev = , 

r 

or Hr = — . -y fl). 


Let us now consider the deflection of the rays by a uniform 
electrostatic force, at right angles to their initial direction. 
The motion is exactly the same as that of a horizontal pro- 
jectile, acted on by gravity, if the resistance of the air be 
neglected; for the electrostatic force produces a uniform 
acceleration of the particle at right angles to the initial 
direction of motion, and the path is in consequence a parabola, 
just as in the case of gravity. 

Let I be the length of the electrostatic field. Then the time 

taken by the particle to travel along it will be The force 

acting on the particle is equal to Fe^ if F is the intensity of 

Fe 

the field. The acceleration is — . Thus if d is the sideways 

m ^ 

displacement of the beam 

Multiplying equations (1) and (2) together, we have 
Hrd = iF-, 

^ V 


^ ” 2Hrd 

Now all the quantities in terms of which v is expressed can 
be determined. Thus the strength of the magnetic field (H) 
and the radius of curvature it produces (r) can be measured. 
The strength (F) and length (1) of the electrostatic field can 
be measured too, as can also the sideways displacement d of 
the beam which it produces. Thus v, the velocity of the 
cathode rays, is quite determinate. 

Knowing t;, we can readily find ; for, by equation (1), 


This is not the only way in which these quantities {v and 
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— ) may be measured. Instead of measuring the electrostatic 
m 

deflection, we may obtain a second relation between them by 
measuring the potential difference between the anode and 
cathode of the tube, which sets the cathode particles going. 
We do not, however, enter into this, for it has no application 
to the a- or ^-rays of radio-active substances. It is doubtful 
whether an electric field has anything to do with the expulsion 
of these. If it has, this field must be situated entirely inside 
the atom, and we cannot, of course, determine its strength 
experimentally. 


APPENDIX C 

THE TEEATMENT OF PITCHBLENDE RESIDUES ON A 
LARGE SCALE 

In the text we gave in outline the methods which first 
indicated the existence of radium, and which served for the 
extraction of the first samples of it. Some readers, however, 
may desire full details of the methods which are actually 
employed at the present time for the extraction of radium 
on a large scale. For the operations are necessarily on a 
large scale, in spite of the small bulk of the ultimate product. 
We give, therefore, in this note, a free translation of Madame 
Curie’s account of the process. 

‘Since pitchblende is an expensive mineral we gave up 
the idea of treating large quantities of it. In Europe, the 
mineral is worked in the mines of J oachimsthal, in Bohemia. 
The powdered mineral is roasted with carbonate of soda, and 
the product of this operation is extracted, first with hot 
water, then with dilute sulphuric acid. It is the solution, 
which contains uranium, that makes pitchblende valuable. 
The insoluble residue is thrown away. This residue contains 
radio-active substances. Its activity is four and a half times 
that of metallic uranium. The residue consists principally of 
sulphates of lead calcium, of silica, of alumina, and of oxide 
of iron. In addition, one finds, in greater or less quantity, 
almost every metal— copper, bismuth, zinc, cobalt, manganese, 
nickel, vanadium, antimony, thallium, rare earths, niobium, 
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tantalum, arsenic, and barium. Badium exists in this mixture 
in the form of sulphate, and its sulphate is the least soluble 
of all. In order to get it into solution, it is necessary to get 
rid of the sulphuric acid as completely as possible. For this 
purpose the residue is first treated with a strong boiling 
Bolution of caustic soda. The sulphuric acid which is in 
combination with lead, aluminium, and calcium, passes in great 
part into solution in the form of sulphate of soda, which can 
be removed by washing with water. Some of the lead, silica, 
and alumina is also removed by the treatment with alkali. 
The insoluble portion, after washing with water, is treated 
with hydrochloric acid. This process completely disintegrates 
the material, and dissolves a great deal of it. Polonium 
and actinium can be obtained from the solution. The former 
is precipitated by sulphuretted hydrogen. The latter is con- 
tained in the hydrates which are precipitated by ammonia, 
after the solution has been separated from sulphides and per- 
oxidized. As to the radium, that remains in the portion 
insoluble in hydrochloric acid. This portion is washed 
with water, then treated with a strong boiling solution of 
carbonate of soda. If there was but a small quantity of 
sulphates which had escaped decomposition, this process 
results in the complete transformation of the sulphates of 
barium and radium into carbonates. The material is then 
very thoroughly washed with water, and dissolved in dilute 
hydrochloric acid, which must be free from sulphuric acid. 
The solution contains radium, as well as polonium and actinium. 
It is filtered and precipitated with sulphuric acid. In this way 
crude sulphates of radium and barium are obtained. But 
they contain in addition a little calcium, lead, and iron, and 
also a little actinium mechanically carried down with them. 
The solution still contains a little actinium and polonium, 
which can be recovered, as from the first solution in hydro- 
chloric acid. One can obtain from a ton (1,000 kilos) of the 
residue, 10 to 20 kilos of the crude sulphates, which are from 
thirty to sixty times more active than metallic uranium. The 
next step is the purification of them. For this purpose they 
are boiled with carbonate of soda, and then converted into 
chlorides. The solution is treated with sulphuretted hydrogen, 
which separates a small quantity of active sulphides con- 
taining polonium. The solution is filtered, oxidized with 
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chlorine, and precipitated with pure ammonia. The pre- 
cipitated oxides and hydrates are very active, and the activity 
is due to actinium. The filtered solution is precipitated by 
carbonate of soda. The precipitated carbonates of the alkaline 
earths are washed and converted into chlorides. The chlorides 
are evaporated to dryness and washed with strong pure 
hydrochloric acid. The chloride of calcium dissolves almost 
entirely, while the chloride of barium, containing radium, 
remains insoluble. In this way about 8 kilos of chloride 
of barium, containing radium, can be obtained from 1,000 
kilos of the residue. Its activity is about sixty times as 
great as that of metallic uranium. This chloride is ready for 
fractionation.’ 
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a-particleB, nature of, 77, 78, 169, 
170, 189. 

a-piirticloH, number of, emitted by 
radium, 79. 

a-particloH, y>088ible identity of, with 
helium atoms, 169, 170, 
a-radiation, connexion, of, with heat- 
ing effect, 188, 189. 
a-radiation, total amount of, emitted 
by different products, 129, 180. 
a- rays, absorption of, 100 -4, 189. 
a-rays, cbai-ge carried by, 78, 79. 
a-rays, dehnition of, 50. 
a-rays, dispersion of, 78, 
a-rays, effect of absorption on velocity 
of, 108, 104. 

a-rays, electrostatic deviation of, 
75. 

a-rays, magnetic deviation of, 72-4. 
a-rays, x>enotrating power of, 100-4, 
189. 

a-rays, scintillations produced by, 
79-81. 
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Absor|>tioa of Becquerel rays, 49, 
196. 

Absorption of 7-rays, 107. 

Actinium, 45-6. 

Actinium, and 7-rays from, 84. 
Actinium, active deposit from, 127. 
Actinium, emanation of, 127. 
Actinium, extraction of, 209. 
Actinium, relation of, to other radio- 
active elements, 1 77. 

Active deposit, decay of, 119-22. 
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Air, conduction of, under Becquerel 
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Air, leakage of electricity through 
the, 158, 154. 

Alchemists, the, 168-4. 

Alkaline earths, inactivity of, 180-1. 
Argon contained in malacone, 180. 
Argon, discovery of, 159, 160. 

Atom, instability of, 192, 198. 

Atom, number of corpuscles in, 188. 
Atomic structure, 184 et seq. 

Atomic volumes, periodicity of, 167. 


Atomic weights, relations of, to that 
of hydrogen, 164-6. 

Autunite, absence of lead in, 172. 

;3-partiel©s, number of, emitted by 
radium, 79. 

/S-rays, absoiption of, 104-7. 

/S-rays, dispersion of, 60, 61. 

/3-ray8, electric charge carried by, 
61-4. 

/3-rays, electrostatic deviation of, 64- 
72, 207. 

/8-rays, law of absorption of, ex- 
plained, 188, 189. 

/S-rays, magnetic deflection of, 57 et 
seq., 199, 200, 204, 208. 

/3-ray8, penetrating power of, 188, 
189. 

/3-rays, velocity of, 66, 67, 68. 

Barium, associated with radium, 87, 

88 . 

Barium platino-cyanide, action of 
radium on, 54. 

Barium platino-cyanide, fluorescence 
of, 51. 

Bath, radio-activity of mineral 
waters at, 41, 42, 146-9. 

Becquerel, action of radium on the 
skin, 56. 

Becquerel, H., discovery of radio- 
activity, 26 et seq. 

Becquerel, ionisation of paraffin, 99. 

Becquerel, magnetic deflection of /3- 
rays, 57 et seq. 

Becquerel, radio-activity of uranium, 
unaffected by temperature, 140-1. 

Becquerel rays, varieties of, 48, 49. 
See also a-rays, /3-rays, 7-rays. 

Bismuth, radio-active, 48-5. 

Boltwood, possible production of lead 
by radium, 172. 
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in minerals, 176, 176. 

Bragg and Kleeman, absorption of 
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Bumstead, liberation of atomic 
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(Janes, the rare, 177-SO. 

(JhiHs, coloration of, by radium, 54, 
U)7, 198. 

(Jlitss, icjnisation of, 99, idO. 

(buHol, magnetic deflection of /i^rays, 
57 et seq. 

Hahn, radio-active product from 
thorianite, 125, 

Hardy, chemi<*al action of radium oii 
iodoform, 54, 55. 

Heating effect of radium, lSl-5. 

Heiium iWBSoidated with thcrmiil 
springs, 147-8. 

Heiium, facility of detection of, 170, 

171. 

Helium in the atmosphere, 179. 

Helium probably given off' by all 
radio-active bodies, 170. 

Helium produced by radium, 101 .1. 

Helium, properties of, 150, 101. 

Helmholta:, source of solar energy, 

100 , 

Hertz, penetration of solids by 
cathode rays, 17. 

Huggins, Sir William, photographic 
mtion of radium, 40. 

Huggins, Sir William and Lady, 
luminosity of radium, 82, S8. 

Hydrogen, behaviour of radium glow 
in, 88. 

Ic» calorimeter, Bun sen^s, ISl-S. 

Inactive elements, 181, 182. 

Induced activity, 117. 

Ionisation, as dependent on pressure, 
98, 94. 

Ionisation of liquids, 98, 99. 

Ionisation of solids, 99. 

Ionisation of various gases, 96-8, 

Ions, charge carried by, 95. 

Ions, recombination of, 96. 

Ions, theory of electric conduction 
by, 92, 98. 

ICauffmann, electrostatic deviation of 
iS-rays, 64-72. 

Kleeman and Bragg, absorption of 
a-rays, 101, 102. 

Krypton, 178-80. 

I/cad, possibly produced by radium, 

172. 

L<md, radio-active, 46, 47. j 


l^onard, penetration of solids by 
cathode rays, 18, 19. 

Light waves, prrslucfcton of, by a 
retiding corpuscle, 191. 

Liquiiis, ioniwttion of, 98, 99. 

I^ickyi^r, Bir Norman, helium In the 
sun, 161. 

Lwigc, Htr Oliver, instahOity of atoms, 
192, 198. 

Luminosity, spontaneous, of radium, 
82, 88. 

Luminosity,sp#)ntancous, of uranuun, 
52. 

Mackenzie, A. 8., on a-particles, 77, 
78. 

Maclcnnan and Burton, pon(^trating 
nidiation in onlinary surroundings, 
155, 156. 

Magnetic defhsstion of «-rays, 72 4, 

Magnetic deflection of ^-rays, 57 et 
soq., 199, 200. 

Mfignetic <icfIection of cathode rays, 
5, 9, 10, 57 ofc soq. 

Magnetic spectrum of cathode rays, 

II, 12. 

Makower, effect of temfSirature on 
radium emanation, 141, 142. 

Malacone, argon contained in, 180. 

Marckwald, separation of polonium, 
44, 45. 

Mass, conservation of, 172, 178, 186, 

187. 

Mass, effect of velocity on, 69-71. 

Mass, electrical, origin of, 70, 71, 186. 

Motels, conduction by, 100. 

Meyer, Is>thar, periodicity of atomic 
volumes, 167, 168. 

Minerals, constant ratio of radium to 
uranium in, 175, 176, 

Mineral waters contain radium, 41, 
42. 

Noon, 178-80. 

Nitrogen, spifctrum of, in radium 
glow, 82, 88. 

Ohm% law, not obeyed by gaseous 
conductors, 89, 90, 

Ordinary materials, apparent radio- 
activity of, 158-6. 

Penetrating powers of a-rays, 188, 
189. 

Penetrating powers of /9-rayi, 188, 
189. 

Perhalic law, explanation of, 191. 

electric cliarge carried by 
cathfKle rays, 6, 7. 

Petroleum, emanation contained in, 

144. 



INDEX 


214 

Phosphorus, action of radium, upon, 
63. 

Phosphorescent sulphides, 31. 

Photographic action of radium, 63. 

Physiological action of radium, 56. 

Pitchblende, activity of, 35-40. 

Pitchblende, large scale treatment of, 
208-10. 

Pitchblende, photographic action of, 
195. 

Pliicker’s electric discharge tube, 2. 

Polonium, 43-6. 

Polonium, extraction of, 209. 

Polonium, luminosity produced by, 
in the air, 82. 

Polonium, production of, in pitch- 
blende, 177. 

Products, final, of radio-active change, 
168 et seq. 

Products, radio-active, table of, 128, 
129. 

^^uadrant electrometer, 86, 87. 

Radiation, penetrating from ordinary 
surroundings, 155, 156. 

Radio-active lead, 46, 47, 177. 

Radio-active minerals, 168, 159. 

Radio-active minerals, gases contained 
in, 180. 

Radio-active products, heating eflfect 
of, 138. 

Radio-active products, nature of, 177, 
178. 

Radio-active products, table of, 128, 
129. ' 

Radio-activity, discovery of, 25-9. 

Radio-activity of ordinary materials, 
163-6. 

Radio-activity, possible cause of, 192, 
193. 

Radium A, radium B, &c., 120-2. 

Radium, chemical effects produced 
by, 53-6. 

Radium, contained in mineral waters, 
41, 42. 

Radium, discovery of, 35-40. 

Radium Bj probably contained in 
radio-active lead, 177. 

Radium, eflfect of temperature on 
activity of, 141, 142. 

Radium, electric discharge produced 
by, 198. 

Radium, emanation of, 108 ©t seq. 
See also Emanation. 

Radium, extraction of, 208-10. 

Radium P, decay of, 167. 

Radium P, probable identity of, with 
polonium, 177, 

EMium, formation of, 174. 

Radium, heat liberated by, 181-5^ 


Radium, heat liberated by, at low 
temperatures, 142-4. 

Radium, photographic action of, 63, 
194, 196. 

Radium, physiological action of, 56. 

Radium, rate of decay of, 173, 174. 

Radium, spectrum of, 40. 

Radium, spontaneous luminosity of, 
82, 83. 

Bain, radio-activity from, 151. 

Ramsay, Sir W., discovery of helium, 
160-1. 

Eamsay and Collie, spectrum of the 
emanation, 163. 

Ramsay and Soddy, contraction of 
the emanation, 116, 116. 

Ramsay and Soddy, helium produced 
by radium, 161-3. 

Ramsay and Soddy, volume of the 
emanation, 173. 

Ramsay and Travers, discovery of 
rare gases, 179. 

Rare earths, association of, 182. 

Rayleigh and Ramsay, discovery of 
argon, 169, 160. 

Recombination of ions, 96. 

Rock, radium contained in, 42, 145, 
146. 

ROntgen rays, 20-2, 25-7. 

Rdntgen rays, liberation of atomic 
energy by, 182, 188. 

R5ntgen rays produced by radio- 
active bodies, 84. 

Rubies, fluorescence of, under cathode 
rays, 4. 

Rutherford and Soddy, change of 
uranium into radium, 174. 

Rutherford and Soddy, decay of 
active deposit, 120-2. 

Rutherford, charge carried by a-rays, 
78, 79. 

Rutherford, disp)ersion of a-rays, 78. 

Rutherford, identity of polonium 
with radium P, 177. 

Rutherford, properties of a-rays, 72-4. 

Rutherford, total a-radiation of dif- 
ferent products, 129j 130. 

Rutherford, velocity of a-rays, as 
affected by absorption, 103, 104. 

Samarskite, 41. 

Scintillations produced by a-rays, 
199. 

Simpson, atmospheric radio-activity 
in higher latitudes, 161-2. 

Skin, action of radium upon, 66.. 

Soil, radium contained in, 146. 

Solids, ionisation of* 99. 

Spark, the electric, 1. 

Spectrum, eflfect of magnetic force on 
the, 192. 

Spectrum, magnetic, of i3-rays, 60, 61. 
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Spectrum, magnetic, of cathode rays, 

11 , 12 . 

Spectrum of the emanation, 163. 

Spinthariscope, 79-81. 

Spring waters, emanation contained 
in, 148. 

Sun, heat of the, 135-8. 

Thomson, J. J., charge carried by 
a-rays, 78. 

Thomson, J. J., charge of cathode 
particles, 14. 

Thomson, J. J., emanation from 
Cambridge tap-water, 148. 

Thomson, J. J., structure of atoms, 
190, 191. 

Thorianite, radio-active product from, 
126. 

Thorium emanation, 125, 126. 

Thorium, photographic action of, 194, 
195. 

Thorium, radio-active changes of, 
124-7. 

Thorium, relation of, to other radio- 
active elements, 177. 

Thorium JT, 124, 125. 

Transmutation of the elements, 163 
etseq. 

Uranium as the parent of radium, 
174. 

Uranium, radiation of, unaffected by 
temperature, 140, 141. 


Uranium, radio-active changes in, 

122 . 

Uranium, radio-activity of, 26-34. 
Uranium, spontaneous luminosity of, 
52. 

Uranium JT, decay of, 176. 

Uranium JT, separation of, 122-4. 

Velocity, effect of, upon Mass, 69-71. 


Water, decomposition of, by radium, 
53. 

Welsbach mantle, photographic 
action of, 195. 

Wien, experiments on canal rays, 
23, 24. 

Wilson, C. T. E., cloudy condensa- 
tion on cathode particles, 14, 15. 

Wilson, C. T. E., leakage of electricity 
through the air, 163. 

Wilson, C. T. K., radio-activity from 
rain, 151. 

Wood, K. W., scintillations of zinc 
sulphide, 81. 

Xenon, 178-80. 

Zeemaii effect, 192, 

Zinc sulphide, fluorescence of, 51. 

Zinc sulphide, scintillations of, 79-81. 



